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Communications to laypeople about chemical hazards and/or exposure occur 
frequently.  However, satisfaction with such communications has not been widely 
studied, and there are indications that these communications may be dissatisfying to their 
receivers due to a lack of health risk information.  The goal of the present research was to 
determine whether receivers who felt they were able to make judgments about health 
risks were more satisfied with the hazard and exposure information they had received 
than those receivers who found it difficult to do so.  To explore this question, I 
collaborated with a larger project to collect data from a population that has received 
hazard and exposure information about dioxins through participation in an exposure 
study and/or residing in a community with known dioxin contamination.  Dioxins are 
persistent organic pollutants shown to cause cancer and other chronic health effects in 
animals, but information regarding human health risks is uncertain.  Because of this 
dichotomy, they provide a good case study for examining satisfaction with hazard and 
exposure communications.   
Primary data sources included expert interviews, lay interviews, and a lay 
questionnaire, all conducted using a technique designed to explore receivers’ mental 
models of dioxins.  Lay interviews and the lay questionnaire also assessed judgments of 
health risk from dioxins and satisfaction with information received.   
 
 xviii 
Results indicate the ability to make risk judgments plays an important role in 
satisfaction with hazard and exposure information.  More specifically, those residents 
who felt better able to make judgments of their health risk from dioxins were more 
satisfied with the communications they had received, even though these communications 
did not contain risk information.  The ability to make risk judgments also mediated or 
partially mediated relationships between residents’ satisfaction and (1) confidence in their 
mental models of dioxins, (2) familiarity with dioxins, and (3) mistrust of government 
and industry.  Judgment of greater magnitude of risk and greater concern about risk also 
predicted lower satisfaction. 
These findings suggest that receivers provided with hazard and exposure 
information make risk judgments, even when risk information is unavailable to them or 
uncertain.  This implies that communications or other interventions that make it easier for 
residents to make judgments about health risk could increase their satisfaction with 
information, even if health risk remains scientifically uncertain.  More generally, this 
research illustrates that the process of transforming hazard and exposure information into 





Significance and Motivation for Research 
Communications to laypeople about chemical hazards and exposure occur 
frequently.  However, satisfaction with such communications has not been widely 
studied, and there are indications that these communications may be dissatisfactory to 
their receivers due to a lack of health risk information.  The goal of the present research is 
determine whether receivers who feel they are able to make judgments about health risks 
are more satisfied with the hazard and exposure information they have received than 
those receivers who find it difficult to do so. 
The present research focuses on a situation in which residents have received a 
variety of communications containing hazard and exposure information about a 
contaminant in their community for which health risks remain scientifically uncertain.  
Few studies have examined receiver satisfaction with these types of communications.   
1.1 Introduction 
People receive communications about chemicals in many contexts: at work, at 
home, in their communities, and in the media.  These communications often lack 
information about the magnitude of the health risk posed by the chemical.  The omission 
of risk information is often due to scientific uncertainty, such as in the case of media 
reports about biomonitoring studies or community exposure assessment studies for which 
 
 2 
the risk of low-dose exposures is uncertain.  In addition to scientific uncertainty, the 
omission of risk information may also be to due a limited scope of communication.  For 
example, labels and material safety data sheets for chemical products are intended to 
provide information about the inherent properties of the chemical and the health effects it 
can cause (hazard information), without considering the magnitude of exposure (exposure 
information) and the likelihood of experiencing these effects (risk information).   
1.2 Research Goal and Hypotheses 
The goal of my research is to assess satisfaction with chemical hazard and 
exposure communication in a community contamination setting.  I propose that satisfying 
receivers in this setting involves enabling residents to make judgments about their health 
risk from the contaminant.  I hypothesize that residents who feel they are able to make 
judgments about their health risk will be more satisfied with the communications they 
have received than those who feel unable to make these judgments.  Conversely, if 
receivers of hazard and exposure communications find it difficult, either cognitively or 
affectively, to judge their health risk, they may feel more dissatisfied with the 
information they have received.   
A potential competing hypothesis could be that, while satisfaction is influenced 
by judgment of health risk, it is not influenced by the ability to judge the risk, but rather 
by the outcome of that judgment.  That is, those who believe the risk is large may be less 




1.3 Features of Chemical Hazard and Exposure Communications 
Chemical hazard and exposure communications may look very different in 
different settings.  They can come from widely varying sources, from manufacturers to 
family doctors, and be transmitted through a multitude of different channels, from 
product labels to public meetings.  Regardless of the setting, hazard and exposure 
communications have certain features in common that pose special challenges for 
receivers to understand and use the information communicated.   
First, these communications include information that is scientific or technical in 
nature, involving chemical and physical properties of substances and the mechanisms by 
which the substances can cause health effects.  Such scientific communications between 
experts and laypeople have often proven difficult, especially for the experts, as evidenced 
by recent science communication research studies such as “Do Scientists Understand the 
Public?” (Mooney 2010), and manuals such as “Am I Making Myself Clear? A 
Scientist’s Guide to Talking to the Public” (Dean 2009). 
Second, these communications consist of information that is known with varying 
levels of uncertainty, for example regarding the chemical or physical properties, the 
mechanisms by which they cause health effects, the potential or actual exposure, or the 
magnitude of the resulting risk of health effects.  In a wide variety of situations, 
uncertainty has been shown to promote pessimistic appraisals of risk and avoidance of 
decision making, a phenomenon referred to as “ambiguity aversion” (Han et al. 2011, 
p.831). 
Scientific communication about uncertain risks fits within a broader type of 
communication regarding safety and health risks referred to generically as “risk 
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communication.”  This term is sometimes a misnomer, as it may not be explicit “risk” 
information that is being communicated.  Those who are tasked with assessing and 
communicating human health effects of chemicals traditionally divide the information at 
their disposal into three types: hazard, exposure, and risk.  Hazard information is defined 
as information about the inherent properties of a chemical.  Hazard information may 
include findings from toxicological studies used to assess health hazards such 
carcinogenicity or reproductive toxicity, or tests of physical properties such as water or 
lipid solubility.  Exposure information is defined as information about human exposure to 
the chemical.  Exposure information includes measurements of concentrations of the 
chemical in the environment or in human tissues, and assessments of the amount of 
human intake of contaminated air, water, soil, or food.  Risk information is created by 
combining sufficient hazard and exposure information to assess the magnitude of the 
health risk to humans resulting from various levels of exposure.  For example, an 
increased cancer or birth defects rate may be observed or estimated for measured or 
anticipated worker or general population exposures. 
Communications about chemical hazards, exposure, and risk often lack complete 
information, due to the limits on the intended scope of communications and/or the limits 
of the scientific evidence.  Most often it is human health risk information that is omitted, 
an omission that may leave receivers unable to make even rudimentary judgments of the 
magnitude of the risk resulting from exposure to a given hazard.  Research has shown 
that although laypeople are aware of the terms ‘hazard’ and ‘risk,’ they do not naturally 
distinguish between the two (Sadhra et al. 2002).  One study found that laypeople 
(chromium platers working for small companies) could not explain the difference and, in 
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fact, regarded the distinction as an unnecessary complication (Sadhra et al. 2002, p.691).  
There is also evidence that laypeople have different concepts of the word ‘exposure,’ than 
do experts.  For example, one study regarding carcinogens found that laypeople reserved 
the term ‘exposure’ for a level of exposure high enough to cause a health effect 
(MacGregor et al. 1999, p.653).  These differences could make communications that are 
limited to hazard and exposure information difficult for laypeople to interpret. 
When communications lack health risk information, laypeople could be left 
feeling dissatisfied with the information they have received.  It is possible that laypeople 
will make, or attempt to make, judgments about the magnitude of health risk from a 
chemical based on the information they have received, regardless of whether it contains 
risk information from experts or is merely limited to hazard and exposure information, 
and risk information from non-experts.  As a result, their risk judgments could vary 
widely from those of experts or other laypeople who have received different sets of 
information or interpreted this information differently.  In addition, if it is perceived to be 
difficult to make risk judgments, laypeople may find the information they have received 
to be less helpful or useful than they would like and may be dissatisfied with the 
information provided. 
1.4 Satisfaction with Chemical Hazard and Exposure Communications 
The issue of satisfaction or dissatisfaction with risk communication has been 
recognized for nearly as long as risk communication has been recognized.  In opening the 
first-ever National Conference on Risk Communication in 1986, J. Clarence Davies 
observed that  
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“… the risk communication process is very often 
unsatisfactory for everybody involved.  Those who send 
messages often feel that their messages have not been 
received, and the recipients often feel that their questions 
have not been answered.  In short, both miscommunication 
and noncommunication occur in the risk communication 
process” (Davies et al. 1987, p.2).   
The miscommunication and noncommunication Davies describes as 
unsatisfactory still occur a quarter-century later in the context of hazard and exposure 
communication.  In particular, the “noncommunication” Davis describes may occur when 
receivers feel their questions about health risk have not been answered by 
communications limited to hazard and exposure information.  Very little research has 
actually examined receiver satisfaction as an outcome of hazard and exposure 
communications. 
Receiver satisfaction is one of at least two outcomes that could be assessed from 
chemical hazard and exposure communication; another outcome often assessed is 
receiver comprehension.  Receiver comprehension refers to whether the people receiving 
the communication correctly understand the information that was transmitted.  Assessing 
comprehension can entail measuring whether the reading level of the information 
presented in a written communication is appropriate for the audience or administering a 
comprehension test to receivers to assess whether they understood or retained the 
knowledge presented in communications (see, e.g., Friedman & Hoffman-Goetz 2006).  
Receiver comprehension assesses whether the “miscommunication” referred to by Davies 
is likely to occur, where the sender’s message is not received.  Receiver satisfaction, in 
contrast, as conceptualized in this dissertation, refers to whether the people receiving the 
communications are satisfied with the information they have received.  As such, receiver 
satisfaction focuses on whether the “noncommunication” mentioned by Davies above is 
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likely to occur, in which receivers feel their questions have not been answered.  Under 
either outcome, receivers may seek additional information from other sources to increase 
comprehension or satisfaction.  A detailed examination of information-seeking behaviors 
among satisfied or dissatisfied receivers is outside the scope of the present research. 
Receiver satisfaction has been examined more broadly as “communication 
satisfaction,” mainly focusing on interpersonal communication (Downs & Hazen 1977; 
Hecht 1978a; Hecht 1978b; Pincus 1986).  As discussed by Hecht (1978b), 
communication satisfaction offers three significant advantages as a variable for study: 
“First, this variable may be utilized as a criterion for 
research examining process variables.  Second, it may be 
utilized to organize and evaluate classes of variables, 
thereby contributing to theory building.  And, third, the 
study of communication satisfaction has direct and 
straightforward applications to the improvement of 
communication skills.” 
The present research uses satisfaction with hazard and exposure communications 
as a criterion to examine two types of process variables.  First, this research examines the 
processes by which laypeople use hazard and exposure communications to build mental 
models (mental conceptualizations) of the risk process at issue.  Second, this research 
examines the processes by which laypeople use these mental models to make judgments 
about the resulting risk. 
This examination also builds a larger theory of satisfaction with hazard and 
exposure communications.  Theories of satisfaction with these types of communications 
are absent in the present literature.  This research tests a potential model of the ways in 
which receivers’ mental models, risk judgments, and other classes of variables interact to 
predict their satisfaction with the hazard and exposure communications they have 
received.   
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In the context of community contamination, studying communication satisfaction 
also has direct application to the improvement of hazard and exposure communications.  
However, in this context, satisfaction must be considered from two perspectives.  From 
the perspective of receivers, satisfaction may be seen as uniformly positive.  That is, 
receivers should prefer communications that they find to be satisfying.  However, from 
an outside perspective, it is possible that receivers could be satisfied by information that 
is purposely false or misleading.  Thus, evaluating whether receivers are satisfied may 
not be enough to conclude that hazard and exposure communications are or are not 
adequate.  Instead, satisfaction should be considered a desirable outcome in response to 
communications that are themselves accurate and honest.  The direct application of 
satisfaction in the improvement of hazard and exposure communications is that it allows 
examination of how communications that are accurate and comprehensible may still fail 
to satisfy the needs of their receivers.   
Satisfaction with hazard and exposure communications has unfortunately not been 
widely studied.  However, research in non-community settings suggest that even detailed 
and accurate hazard and exposure communications (e.g., detailed Material Safety Data 
Sheets in workplace settings) may not be satisfying to receivers (U.S. General 
Accounting Office (GAO) 1991; Kolp et al. 1993; Phillips et al. 1999; Nicol et al. 
2008).  It is possible that dissatisfaction with hazard and exposure communications in a 
variety of settings could drive decreased use of these communications, greater outrage or 




1.5 Hazard and Exposure Communications in Community Settings 
The present research examines satisfaction with hazard and exposure 
communication in a community setting, as opposed to a workplace or consumer setting.  
Research on satisfaction with communications in any of these settings is limited, so this 
study could have important implications for satisfaction with hazard and exposure 
communications in other settings as well.  In particular, if satisfaction with hazard and 
exposure information is found to be related to residents’ ability to make risk judgments in 
a community setting, then enhancing the ability to make risk judgments among receivers 
in other settings could increase satisfaction with those communications as well.   
In community settings, hazard and exposure communications occur for a variety 
of reasons, including communications regarding results of toxicological studies, 
biomonitoring studies, or community exposure studies.  Scientific uncertainty often limits 
the scope of these communications to hazard and exposure information.  Satisfaction with 
these communications may be difficult to measure, since it may be difficult to separate 
dissatisfaction with communications from outrage regarding potential exposure. 
1.5.1 Communications Regarding Toxicological Studies 
Toxicological studies of the health effects of chemicals typically generate hazard 
information, in that they determine whether a chemical is associated with a health effect, 
usually in animals, without definitively determining the extent to which human health 
may be at risk.  Due to these constraints, communications to laypeople about such studies 
typically omit unknown exposure or risk information, reporting instead simply that a link 
has been discovered between a health effect and a chemical.  In addition, the animal 
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studies typically reported to laypeople (for example, in the media) are often single studies 
with novel findings.  As such, the scientific community may not consider their results to 
be conclusive, and interpretation of their results for humans may be highly speculative.  
Caveats such as these often are not made salient in media reports, and when they are, they 
may not be attended to.     
As a result, information provided to laypeople regarding risk to humans may be 
limited or unavailable, making it difficult for them to determine “what to worry about” 
and whether to take action.  At the stage of initial reporting, authoritative guidance or 
recommendations regarding responses to the study’s findings are typically unavailable.  
Rather than providing guidance about whether one should be concerned or whether one 
should take steps to reduce one’s exposure, messages instead provide, for example, 
symptoms to watch for or ways to reduce exposure “if you are concerned.”  This type of 
media content, describing degree of control an individual has to alter their exposure, has 
been termed ‘self-efficacy information,’ and has not been found to impact individual 
worry (Dahlstrom et al. 2012). 
Instead, the receiver is often left to his or her own judgment to infer the 
magnitude of the potential risk and make judgments about any responses that may be 
appropriate.  While some receivers may choose to react strongly to news of health effects 
(for example, calling on lawmakers to ban the substance in question), and others find it 
easy to dismiss such reports (for example, adopting a fatalistic attitude such as, 
“Everything causes cancer”), the remainder of receivers, likely the majority, are left 
unsure of what to do.  This situation may quickly become very dissatisfactory given the 
volume of toxicological studies reported in the media and the inability of receivers to 
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attend to information about each one.  Depending on how widespread the use of the 
chemical is, exposure may feel involuntary, as in a community contamination setting.  
Among receivers in both settings, it appears that hazard information, or merely knowing 
of a hazard without knowing the risk, may be a potential source of great dissatisfaction. 
While much literature has examined the connection between media reports and 
public perception of risk (Kitzinger 1999; Wahlberg & Sjöberg 2000), little research has 
examined the informational needs of receivers or their satisfaction.  Lion et al. (2002) 
examined priorities in information desire among households in the Netherlands and found 
that when confronted with a new hazard or risk, receivers first try to determine whether it 
is relevant to them.  Lion et al. (2002) concluded that people desire information to help 
with the appraisal process in order to create a risk judgment.  Without such information, 
communications may not be satisfying the needs of their receivers.  If receivers are 
motivated to seek out such information and are unable to find it, they may become even 
more dissatisfied, as evidence has shown that an individual’s assessment of the amount of 
information he or she needs to cope with a risk has been shown to increase with 
individual worry (Dahlstrom et al. 2012).  A similar effect could occur with both 
toxicological studies and communications in community contamination settings. 
1.5.2 Communications Regarding Biomonitoring Studies 
Additional challenges closely related to those facing communications in 
community contamination settings may be found in biomonitoring studies.  
Biomonitoring refers to the sampling and measurement of chemicals in the blood, urine, 
milk, or other fluids or tissues of humans to assess intake or internal dose (Paustenbach & 
Galbraith 2006).  Advancements in analytical chemistry have reduced limits of detection 
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for many environmental chemicals in such samples to parts per trillion (ppt) levels, and 
data from biomonitoring investigations are becoming more widely reported (Paustenbach 
& Galbraith 2006).  However, just because a chemical is present does not mean that it is 
harmful (Paustenbach & Galbraith 2006) or that chemical sources, human health effects, 
or exposure-reduction strategies are fully understood (Brody et al. 2007).  As a result, it 
can be difficult to draw conclusions from such data, particularly conclusions about 
human health risk. 
Considerable work has been done recently to provide recommended best practices 
and lessons learned in communicating results of biomonitoring exposure studies (Quandt 
et al. 2004; Bates et al. 2005; Paustenbach & Galbraith 2006; Brody et al. 2007; Morello-
Frosch et al. 2009; Buck et al. 2010; Woodruff et al. 2011; Woodruff & Morello-Frosch 
2011; Haines et al. 2011; Adams et al. 2011).  These recommendations for practice 
indicate that frequently asked questions by participants include the questions, “Is [my 
concentration] high?,” “Is it safe?,” “What should I focus on?,” and “What should I do?” 
(Brody et al. 2007)—all risk-based questions for which the absence of clearly established 
health effects and dose-response relationships makes it difficult to provide answers.  In 
light of these difficulties, researchers and institutional review boards have reportedly 
argued against reporting individual results when the clinical implications are unclear 
(Brody et al. 2007). 
Although at least one of the studies cited above (Buck et al. 2010) concluded that 
its receivers were satisfied based on an absence of comments or requests for further 
information or assistance, no objective assessments of receiver satisfaction appear to have 
been conducted.  It has also been observed more generally that “clinicians, especially 
 
 13 
general practitioners, are often ill prepared to answer specific questions regarding 
chemical exposures and health risks, nor are there obvious or readily available resources 
for them to obtain this information at a level and in a form that they and their patients can 
understand” (Bates et al. 2005, p.1619).  The situation is one in which receiver 
satisfaction appears unlikely, especially if satisfaction is related to being able to use the 
information provided to make judgments of health risk. 
1.5.3 Communications Regarding Community Exposure Studies 
Community contamination settings are becoming more frequent, as communities 
worldwide find themselves confronted with contamination from past industrial activities.  
When there has been contamination of a community’s soil or groundwater, officials from 
local, state, or federal government are often charged with overseeing a process to 
determine what, if any, cleanup activities should be performed.  An exposure assessment 
study may be an important step in evaluating the need for cleanup.   
It can be challenging for researchers to communicate the results of exposure 
assessment studies, including explaining how the study was conducted, what was found, 
and what the results do (and do not) mean (U.S. Agency for Toxic Substances and 
Disease Registry Health Investigations Communications Work Group 2004).  An added 
challenge is the fact that at the conclusion of an exposure assessment study, available 
information may be limited to the inherent properties of the chemical (hazard 
information) and the findings of the exposure study (exposure information).  Information 
regarding the magnitude of the health risk to community members (risk information) may 
not be available.  As a result, communications may be limited to hazard and exposure 
communications, rather than risk communications.  
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Communications in these types of exposure studies are affected by many of the 
same issues faced by biomonitoring studies.  In addition, communications may be greatly 
affected by fear, outrage regarding the contamination, and politically charged decision-
making about cleanup. 
Research regarding communicating the results of exposure studies has examined 
practical “lessons learned” or “best practices” (e.g., Tinker et al. 2000; U.S. Agency for 
Toxic Substances and Disease Registry Health Investigations Communications Work 
Group 2004; Quandt et al. 2004), ways to improve comprehension (Olson et al. 2006), 
and the psychological effects of exposure to hazardous substances (Tucker 1995).  Few 
studies have directly examined the effect of communications on study participants and 
community members, or their satisfaction with communications received. 
One study by McComas (2003) measured satisfaction with public meetings (used 
for “consensus” risk communication (Lundgren & McMakin 2009)) and found 
satisfaction to be a sensitive outcome of communication, with many predictors.  
Regardless of whether they attended the public meetings, residents tended to be more 
satisfied with public meetings as a risk communication method if they thought meeting 
organizers were interested in participants’ comments, public meetings were informative, 
government agencies that conduct public meetings were credible, or the risk was high 
(McComas 2003).  McComas (2003, p.181) also found that citizens were less satisfied 
with public meetings when they were more concerned about potential risks to their health 
or safety, concluding that “when citizens are highly fearful or uncertain about potential 




While exposure assessment studies do provide concrete information to 
participants and their communities, little is known about receivers’ satisfaction with these 
communications.  Nor do we know how the existence of an exposure study might 
influence community members’ satisfaction with other information they have received 
about the hazard.   
1.6 Motivation for Research 
In the long term, the larger communication challenge in a community setting is to 
help residents make sense of what their exposure to the chemical hazard means for their 
lives.  I hypothesize that this involves enabling residents to make judgments about their 
health risk, and that this ability is what determines residents’ satisfaction with the 
information available to them.  This finding could have important implications for 
communications in other settings as well. 
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Conceptual Model and Literature Review 
The goal of this research is to assess a hypothesized model of factors affecting 
satisfaction with hazard and exposure information.  This chapter describes the key 
constructs in this model (satisfaction, risk judgments, and mental models), reviews key 
literature about each of these constructs, and presents a conceptual model of the 
hypothesized relationship between them. 
2.1 Conceptual Model 
At the core of the hypothesized conceptual model are the questions of how 
residents make risk judgments about environmental exposures and what role those 
judgments play in satisfaction. I hypothesize that risk judgments play a key role in the 
pathway from the information people receive to their satisfaction as receivers.  The 
present research is intended to assess a potential model of receiver satisfaction that 
includes three key constructs (satisfaction, risk judgments, and mental models) and two 
types of independent variables (receiver characteristics and information received). 
To start, the model proposes that health risk judgments, and the perceived ability 
to make these judgments, are affected by independent variables related to hazard and 
exposure Information Received and individual Receiver Characteristics (see Figure 2.1).  
Aspects of risk judgments considered here include both outcome and process variables 
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related to judging the magnitude of health risk.  More specifically, these variables include 
judgments of the magnitude of health risk resulting from exposure (outcome variables) 
and the subjective ease or difficulty of making these judgments (process variables).   
 
Figure 2.1 Conceptual Model: Risk Judgments 
This model then proposes that receivers’ “mental models” (mental 
conceptualizations of the risk process (Morgan et al. 2002)) mediate the effect of inputs 
and receiver characteristics on health risk judgments and perceived ability to make these 
judgments (see Figure 2.2).  Mental models are discussed in more detail later in this 
chapter. 
 
Figure 2.2 Conceptual Model: Mental Models 
After accounting for the nature of the above relationships, the model centers on 
the idea that the perceived ability to judge health risk leads to greater satisfaction.  More 
specifically, this model proposes that the perceived ability to judge health risk mediates 
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the effects of information received, receiver characteristics, and mental models on 
satisfaction with hazard and exposure information (see Figure 2.3).   
 
Figure 2.3 Conceptual Model: Satisfaction (Complete Framework) 
At the core of this model is the idea that that if receivers of hazard and exposure 
communications find it difficult, either cognitively or affectively, to judge their health 
risk (risk judgment process variables), this may leave them feeling dissatisfied with the 
information they have received.  The model also incorporates a competing theory that, 
while satisfaction is influenced by judgment of health risk, it is not influenced by the 
ability to judge the risk, but rather by outcome of the judgment (risk judgment outcome 
variables).  That is, those who believe the risk is large may be less satisfied than those 
who believe it is small. 
Other relationships between constructs are also possible.  For example, risk 
judgments may moderate the effects of some mental models, receiver characteristics, and 
information received variables on satisfaction and not others.  Figure 2.4 presents a 
complete proposed conceptual model of how information received, receiver 
characteristics, mental models, and risk judgments could interact to affect satisfaction 




Figure 2.4 Conceptual Model: Complete Framework with Alternative Relationships 
Each of the key constructs of satisfaction, risk judgments, and mental models is 
discussed in further detail below. 
2.2 Satisfaction 
2.2.1 Definitions of Satisfaction 
A general definition of the condition of being satisfied denotes having been 
provided enough of something to result in cognitive or affective fulfillment (Stevenson & 
Lindberg 2010).  In the case of hazard and exposure communication, if one considers 
what is being provided to be information, dissatisfaction with communication could result 
from not being provided enough information to achieve cognitive or affective fulfillment.  
Many other factors could also influence satisfaction with communication, including the 
quality of the information conveyed and the manner in which it is provided. 
A dictionary definition hints at the dual cognitive/affective nature of satisfaction: 
“fulfillment of one's wishes, expectations, or needs, or the pleasure derived from this” 
(Stevenson & Lindberg 2010).  Examining definitions of the related adjectives 
“satisfactory,” and “satisfying” also shows these two aspects, with satisfactory denoting 
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the cognitive “fulfilling expectations or needs; acceptable, though not outstanding or 
perfect” and satisfying denoting the affective “giving fulfillment or the pleasure 
associated with this” (Stevenson & Lindberg 2010).  All three are derived from the Latin 
“satisfacere” (to satisfy or content), combining the words “satis” (enough) and “facere” 
(make) (Stevenson & Lindberg 2010).   
2.2.2 Communication Satisfaction as a Construct 
Communication satisfaction is generally conceptualized as a positive affect 
arising as an outcome of communication (Hecht 1978b).  To study satisfaction as a 
positive affect arising from hazard and exposure communication may seem odd, as 
chemical hazards and exposure are rarely associated with a positive affect.  However, I 
argue that it is possible to have a negative affect about hazards or exposure, and still have 
a positive affect about communication regarding these topics, especially if one finds the 
communication to be helpful or useful.  For example, in a community setting, one could 
be outraged about the contamination that has occurred, but satisfied with the way 
government agencies and others have reported what is known about the contamination 
and what is being done to remediate the contamination.  Conversely, one could also 
believe that there is no risk, and still be dissatisfied with communications received. 
2.2.3 Previous Examinations of Communication Satisfaction 
Communication satisfaction was first examined by Hecht (1978b) in the context 
of interpersonal communication.  “Due to the dearth of satisfaction research directly 
related to communication satisfaction,” Hecht drew on the conceptualizations of 
satisfaction from other areas (e.g., organizational satisfaction) (Hecht 1978b, pp.48–49).  
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In the present research, I draw upon the work of others in interpersonal, group, and 
organizational communication (Hecht, 1978; Downs and Hazen, 1977) due to the dearth 
of communication satisfaction research available on the topics of hazard, exposure, or 
risk communication.   
A review of satisfaction research by Hecht (1978b) describes several theories of 
satisfaction—need gratification, expectation fulfillment, equivocality reduction and 
constraint-reinforcement—and concludes that the expectation fulfillment approach comes 
closest to providing a theoretical framework for communication satisfaction.  Hecht 
(1978b) explains that the expectation fulfillment approach posits that satisfaction results 
when communication meets the internal standards or expectations developed by 
receivers.  Hecht extends expectation fulfillment theory by coupling it with Skinnerian 
behavioral theory and proposing a discrimination fulfillment approach to communication 
satisfaction.  This approach proposes that the affect of satisfaction arises when behavior 
in response to a discriminatory stimulus is positively reinforced.  Under this approach, 
either a successful search for pleasure or a successful avoidance of pain produce 
satisfaction, as both strengthen the association between the stimulus and the behavior.  
The affect of satisfaction may then act as a secondary reinforcement to continue the 
behavior in response to the stimulus.  As summarized by McComas (2003, p.168), 
discrimination fulfillment theory “suggests that individuals form standards or 
expectations from past experiences and satisfaction depends on the extent to which these 
expectations are positively reinforced.”  Hecht also discusses the nature of the 
relationship between satisfaction and dissatisfaction, concluding that the two are not 
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independent, and that ‘satisfiers’ have a greater impact than ‘dissatisfiers’ on both 
satisfaction and dissatisfaction (Hecht 1978b, p.56).   
Further work on communication satisfaction by Hecht focused on interpersonal, 
group, and organizational communication satisfaction (Hecht 1978a). More broadly, 
satisfaction is commonly used as an outcome variable in medical, organizational, and 
customer service settings (e.g., job satisfaction, patient satisfaction, customer 
satisfaction).  According to Pincus (1986), in the context of organization communication, 
satisfaction with communication was determined not only by information acquisition but 
by relational aspects between those doing the communicating and the manner in which 
the communication is delivered.   
Research regarding communication satisfaction in community exposure contexts 
has been extremely limited, but McComas (2003) found this to be true in the context of 
citizen satisfaction with public meetings about landfill siting, and also confirmed aspects 
of the expectation fulfillment proposed by Hecht (Hecht 1978b).  Regardless of whether 
they attended the public meetings, residents’ expectations of these meetings predicted 
their satisfaction.  Residents who thought meeting organizers were interested in 
participants’ comments, residents who thought public meetings were informative, 
residents who government agencies conducting public meetings to be credible, and 
residents who thought the risk was high were more likely to be satisfied (McComas 
2003).  This suggests that satisfaction may be a sensitive outcome with many 
contributors.  If the ability to judge health risk is one of these contributors, or mediates 
the effect of some of these contributors, satisfaction with hazard and exposure 
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communications could be improved by putting in place mechanisms to help receivers 
with these judgments. 
2.3 Risk Judgments 
A ‘judgment’ is an assessment of what was, is, or will be the state of the world 
(Yates & Chen 2009).  A risk judgment, as defined here, is an assessment of the 
magnitude or significance of a risk.  This is similar to the concept of ‘risk perception,’ 
which has been defined as a subjective impression of ‘riskiness’ (Weber 2009).  The term 
‘risk judgment’ is preferred over ‘risk perception’ by Dunwoody and Neuwirth (1991, 
p.18), who note that the latter “has been used with such abandon that its meaning has 
been irreparably fuzzed.” 
Evidence from focus groups and questionnaires suggests that when confronted 
with a new hazard or risk, receivers first try to determine whether it is relevant to them, 
similar to the appraisal stage in health behavior models, in order to decide whether 
further action is required (Lion et al. 2002).  Health behavior models suggest that this 
decision is based on perceived severity and perceived susceptibility (Lion et al. 2002), 
which are similar to the concepts of perceived hazard and perceived exposure, 
respectively.  By combining hazard and exposure information in this way, laypeople are  
assessing risk in a way that is generally similar to that of experts. 
As discussed in Chapter 1, experts are careful to distinguish between hazard, 
exposure, and risk, having separate definitions and uses for each concept and considering 
information of each type differently.  For experts, understanding and managing the risks 
of health effects from chemicals involves considering and combining information about 
hazard, exposure, and resulting risk.  In contrast, research has shown that although 
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laypeople are aware of the terms ‘hazard’ and ‘risk,’ they do not naturally distinguish 
between the two (Sadhra et al. 2002).  One study found that laypeople (chromium platers 
working for small companies) were not only unable to explain the difference, but also 
regarded the distinction as an unnecessary complication (Sadhra et al. 2002, p.691).  
There is also evidence that laypeople have different concepts of the word ‘exposure,’ than 
do experts.  For example, one study regarding carcinogens found that laypeople reserved 
the term ‘exposure’ for a level of exposure significant to cause a health effect 
(MacGregor et al. 1999, p.653).  Participants rated smoking a pack of cigarettes a day, 
developing a deep suntan, or having a chest x-ray every year as more definitively 
resulting in someone being ‘exposed to a carcinogen’ than smoking one cigarette, doing 
two sessions in a tanning parlor, or having a single chest x-ray (MacGregor et al. 1999, 
p.653).  Taken together, these results suggest that, although laypeople may not 
differentiate between the terms hazard and risk, and may perceive exposure differently 
than do experts, they do attempt to make risk judgments based on hazard and exposure 
information.   
Current research has focused on at least three factors affecting risk judgments: 
heuristic-systematic information processing, psychometric factors, and individual cultural 
and political values. 
2.3.1 Psychometric Factors 
Psychometric studies elicit quantitative judgments of mental impressions.  In 
psychometric studies of risk judgments, participants are asked to rate various attributes of 
a risk and to provide judgments regarding the magnitude of perceived risk and/or benefits 
from the technology or activity associated with the risk (Fischhoff et al. 1978, p.129).  
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Originally begun as a way of assessing acceptable societal risk levels (Fischhoff et al. 
1978), this work was continued by Slovic et al. to assess how the “personality” of a 
hazard can affect risk perceptions and acceptance of risks arising from the hazard (Slovic 
1992). 
This line of research found that two factor-analytic representations predicted large 
shifts in judgments of the magnitude of the risk.  These two factors were (1) whether the 
risk was unknown and (2) whether the risk was dreaded.  The factor “unknown risk” was 
related to the measurements “not observable,” “unknown to those exposed,” “effect 
delayed,” “new risk, and “risk unknown to science.”  The factor “dread risk” was related 
to the measurements “uncontrollable,” “dread,” “global catastrophic,” “high risk to future 
generations,” “not easily reduced,” “risk increasing,” and “involuntary.”  Risks rated as 
more unknown and more dreaded (e.g., DNA technology, radioactive waste, electric 
fields) were generally rated as greater risks than those that were more known and less 
dreaded (e.g., bicycles, swimming pools, chainsaws) (Slovic 1992). 
That the quality of being “unknown” should be a large factor is not surprising, 
and may have important implications for hazard and exposure communications.  If risk is 
perceived to be uncertain, this may create difficulty making judgments about the risk, and 
greater dissatisfaction with hazard and exposure communications.  Uncertainty, defined 
by Han et al. (2011, p.830) as a state of mind involving “the subjective perception of 
ignorance,” has been historically classified into two types.  The first, called “measurable 
uncertainty,” occurs when probabilities are known or can be readily calculated, such as 
that occurring when a risk has been quantified (Knight 1921).  The second, called 
unmeasurable uncertainty, or “ambiguity,” occurs when incomplete or conflicting 
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information does not allow for the calculation of a probability (Ellsberg 1961).  The latter 
type of uncertainty is the factor often preventing hazard and exposure communications 
from including risk information from being explicitly included.  As summarized by Han 
et al. (2011, p.831), this type of uncertainty has been shown to promote pessimistic 
appraisals of risk and avoidance of decision making, a phenomenon known as ambiguity 
aversion.  Instructions to participants in the psychometric study by Fischhoff et al. (1978, 
p.130) acknowledged the difficulty of making risk judgments with limited information, 
stating: “This is a difficult, if not impossible, task.  Nevertheless it is not unlike the task 
you face when you vote on legislation pertaining to nuclear power, handguns, or highway 
safety.  One never has all the relevant information; ambiguities and uncertainties abound, 
yet some judgment must be made.  The present task should be approached in the same 
spirit.” 
While psychometric factors of the risk at issue in the present study of a particular 
community contamination situation would appear to be held fixed, research suggests that 
in addition to being able to make comparisons between risks, the psychometric paradigm 
has been found to be useful in examining single risks under field conditions.  Trumbo 
collected data regarding risk judgments about a “non-hypothetical” risk (community 
members’ concern about cancer rates near a nuclear reactor) (Trumbo 1996) and found 
that measurements fell along three factors, two of which were related to dread risk, and 
one of which was related to unknown risk.  These factors predicted individual evaluation 
of personal risk and satisfaction with institutional response (Trumbo 1996).   
While psychometric factors are not part of the model being assessed in the present 
research, it is important to note that chemical hazard and exposure communications in 
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many settings, including community contamination settings, involve risk that may be 
both dreaded and unknown.  Risk judgments made in these settings may take into account 
psychometric factors, rather than just the content of the hazard and exposure 
communications, and may not be identical to those of experts in these same settings. 
2.3.2 Cultural and Political Values 
In addition to attributes of the risks, personal attributes and values have long been 
considered to influence risk judgments by individuals (Douglas & Wildavsky 1982).  
Douglas and Wildavsky (1982) posit the conundrum that one cannot know all the risks 
one faces, but must act as if one does, and argue that individual values determine how 
one decides which risks to take and which to ignore.  In empirical studies, individual 
cultural and political values have been shown to greatly influence perceptions of risks 
and judgments about what should be done to manage risk (Kahan et al. 2006; Peters & 
Slovic 1996; Kahan et al. 2007). 
Peters and Slovic studied the effect of worldviews on perceptions of risk from 
nuclear power (Peters & Slovic 1996), and a similar study was undertaken by Kahan et 
al. with respect to perceptions of nanotechnology (Kahan et al. 2007).  Both found that 
worldviews (e.g., hierarchical, fatalistic, individualistic, egalitarian, communitarian) 
impacted judgments of the magnitude of the risk.   
Peters and Slovic (1996, p.1437) explained that cultural theory suggests 
worldviews help people interpret the world in ways that allow them to maintain their 
system of beliefs and moral codes.  They found that those with egalitarian views had 
lower trust in government decisions and were less likely to support nuclear power and 
those with fatalist/hierarchical views had greater trust and were more supportive. 
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Kahan et al. (2007) observed that how people reacted to information about 
nanotechnology depended largely on their values.  Those with hierarchical and 
individualistic values were predisposed to dismiss claims of environmental risk, and were 
reassured by balanced information.  Those with egalitarian and communitarian values 
were predisposed to credit claims of environmental risk, and became alarmed by the 
balanced information provided.  Kahan et al. (2007, p.32) concluded that this data was 
consistent with a ‘cultural evaluator’ theory of risk perception, posing that individuals 
evaluate their position on a risk in terms of how well it expresses their cultural identities. 
These results show that characteristics of receivers are known to affect risk 
judgments.  Receiver characteristics such as those described above will be assessed in the 
present study to examine their relationship with risk judgments, and also to assess 
whether risk judgments may mediate any effects of receiver characteristics on satisfaction 
with hazard and exposure information. 
2.3.3 Heuristic-Systematic Information Processing 
In addition to characteristics of the risk, and characteristics of the individual, the 
information processed by individuals, and how they process it, may influence risk 
judgments.   
Two modes of processing have been theorized to occur in processing information 
used to make risk judgments.  A variety of terms for these two modes have been used, 
including ‘heuristic’ and ‘systematic’ (Chaiken 1980; Trumbo 1999), ‘risk as feelings’ 
and ‘risk as analysis’ (Slovic & Peters 2006), the potentially less-accurate ‘affective’ and 
‘cognitive’ (Finucane et al. 2000), and the less-descriptive ‘System 1’ and ‘System 2’ 
(Kahneman 2002).  This dual processing approach is a departure from the traditional 
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view of receivers as ‘rational actors’ and instead embraces the concept of bounded 
rationality, building on the work of Tversky and Kahneman regarding heuristics and 
biases (Tversky & Kahneman 1974) and Simon regarding ‘satisficing’ (Simon 1956). 
A complex relationship between heuristic-systematic processing and risk 
judgments has been found in studies under conditions with artificial stimuli.  Finucane et 
al. (2000) conducted a study in which participants were provided a short vignette 
providing positive or negative information about the risks or benefits of nuclear power 
(four conditions total).  They found that participants used an affect heuristic to make 
judgments about risks and benefits.  Kahlor et al. (2003) provided participants with a 
fictional magazine article regarding Great Lakes fish consumption and found that 
individuals who perceived greater risk were more likely to process the article 
heuristically.  This study also found that a larger ‘information gap’ (between existing 
understanding and the perceived level of understanding needed to make a decision) was 
associated with more systematic processing.  These results suggest not only that 
information processing may have an effect on risk judgments, but also that risk 
judgments may have an effect on subsequent information processing.   
Slovic and Peters (2006) offer a possible explanation, in which affect toward a 
risk or activity affects how risk or benefit information may be interpreted, by suggesting 
a model in which information about risks is interpreted as providing, inferentially, 
information about benefits, and vice versa.  Those receivers with a negative affect 
interpret benefits as low and risk as high, and those with a positive affect interpret 
benefits as high and risks as low.  These complex relationships emphasize the value of 
studies examining risk judgments under real-world information gathering and processing 
 
 34 
situations.  However, available data are limited.  A field study conducted by Trumbo 
(1999) in the context of a suspected cancer cluster near a nuclear reactor found that 
heuristic processing was associated with a judgment of less risk. 
An additional explanation is offered by fuzzy trace theory (Reyna 2004).  Fuzzy 
trace theory posits that receivers encode both “verbatim” and “gist” representations of 
information into memory, but verbatim representations rapidly become inaccessible.  
Regarding risk judgments, this theory proposes that it how receivers represent the gist of 
a communication (which reflects the receiver’s personal characteristics such as affect and 
worldview) that determines their judgment of the risk, rather than the verbatim 
information contained in the communication (Reyna 2004). 
No research has been identified linking heuristic or systematic processing or 
fuzzy trace theory to communication satisfaction.  However, I hypothesize that if 
receivers of hazard and exposure communications find it difficult, either cognitively or 
affectively, to judge their health risk, this inability may leave them feeling dissatisfied 
with the information they have received. 
2.4 Mental Models 
2.4.1 Definition of Mental Models 
Mental models can generally be defined as mental conceptualizations of how a 
system or process works (Morgan et al. 2002), based on expectations, experience, and 
perceptions (Wilson & Rutherford 1989) and “the more or less imperfect knowledge that 
a person has of his or her functional environment” (Moray 1997).   Mental models have 
historically been employed in diverse settings, for example, as a means of studying 
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novice users’ understanding of software functions, physics students’ comprehension of 
laws of motion, and to model motor control feedback loops (Rupietta 1990; Rouse & 
Morris 1986).  
Mental models are often represented as networks of nodes and connections, where 
each node is connected to one or more other nodes by a connection represented by an 
arrow (see Morgan et al. 2002 for examples).  The direction of the arrow is often used to 
denote that the node at the arrow’s base influences the node at the arrow’s tip.  The 
resulting diagrams are referred to as influence diagrams. 
2.4.2 Mental Models Method of Risk Communication 
It is recognized that experts in a particular topic tend to have different mental 
models of that topic than laypeople (i.e., non-experts in the topic).  Whether these models 
are simply more detailed, or differ in structure entirely appears to vary by topic (Rouse & 
Morris 1986).   
Lay mental models can be compared with expert mental models to identify gaps 
(those nodes or connections appearing in the expert model, but not in the lay model) and 
misconceptions (those nodes or connections appearing in the lay model, but not in the 
expert model).  Identifying these gaps and misconceptions can be useful for developing 
communications intended to educate laypeople about a particular topic.  The central idea 
is that communications need not include all of the information in the expert model, 
especially that information that is already well understood by receivers.  Rather, 
communications can be limited to those gaps and misconceptions that are prevalent in the 
target population.  Morgan et al. (2002) describe the use of mental models in this way as 
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a method of discriminating between “what’s worth knowing” (i.e., the expert model) and 
“what’s worth saying” (i.e., the gaps and misconceptions). 
The mental models approach to risk communication, developed by researchers at 
Carnegie Mellon University (Morgan et al. 2002) is a systematic method for assessing lay 
and expert understandings of a risk process and comparing the two.  The method involves 
first developing an expert model of the risk through interviews with experts.  Then, 
interviews with laypeople in the population of interest are conducted using a specific 
technique designed to probe areas of existing mental models without providing new 
information that might influence the participant’s existing mental model.  These 
interviews are replicated with a large enough number of participants to allow confidence 
that the set of potential mental model elements has been sufficiently explored and that 
subsequent interviews are not generally raising new concepts.  Interviews are transcribed 
and coded for these concepts, and the results are used to design a survey questionnaire to 
be administered to a larger sample to assess the prevalence of particular gaps and 
misunderstandings. 
Since its development in the early 1990s, this method has enjoyed widespread use 
on variety of topics, including radon (Bostrom et al. 1992; Atman et al. 1994; Bostrom, 
Atman, et al. 1994), nuclear power sources in space (Maharik & Fischhoff 1992), climate 
change (Bostrom, Morgan, et al. 1994; D. Read et al. 1994; Reynolds et al. 2010), breast 
implants (Byram et al. 2001), HIV/AIDS (Morgan et al. 2002), wildfires (Zaksek & 
Arvai 2004), flash floods and landslides (Wagner 2007), vaccinations (Downs et al. 
2008), xenotransplantation (Bruine De Bruin et al. 2009), cancer (Downs et al. 2009), 
novel foods (Hagemann & Scholderer 2009), mobile communications (Cousin & Siegrist 
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2010), nuclear waste disposal (Skarlatidou et al. 2012), and flood risk management 
(Wood et al. 2012).  Applications of the mental models method in situations regarding 
chemical exposures have been limited, but have included applications in both community 
settings (e.g., radon: Bostrom et al. 1992; Atman et al. 1994; Bostrom, Atman, et al. 
1994) and in workplace settings (e.g., dry cleaning solvents and soldering fumes: Cox et 
al. 2003; Niewöhner et al. 2004).   
The mental models method developed by Carnegie Mellon researchers has several 
advantages and disadvantages as a method of examining understandings and judgments 
about risk among laypeople.  First, it has the advantage of having as a goal to examine 
the natural state of perceptions among laypeople, without administering any stimuli to 
influence these perceptions.  This allows greater certainty about the understandings and 
judgments people have drawn from the information they have naturally gathered or 
received under real-world conditions, something that has proven to be important due to 
the complex interactions between perceptions and subsequent information processing 
behaviors.  However, this does imply that the method can only be applied in situations 
where the target population already has some information about the risk under study, 
making it difficult to use this method to decide in advance how to communicate 
information about novel risks.  Second, this method’s coupling of interviews with a large-
sample questionnaire provides the advantage of greater robustness and confidence that 
findings hold true for the larger population under study.  While these two steps could 
appear to be redundant, they allow for a more rigorous examination of findings based on 
a relatively small number of interviews, typically on the order of 30 (Morgan et al. 2002).  
Even though the number of interviews may be limited, this method has the disadvantage 
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of still being extremely time- and resource-intensive.  Training interviewers and 
conducting lengthy interviews, coding and carefully analyzing them, and drafting and 
mailing a detailed, large-sample questionnaire are not easy tasks. 
Other methods of studying mental models have been attempted that omit mental 
models interviews, follow-up questionnaires, or both.  Some studies have inferred the 
structure of mental models through card-sorting tasks and questionnaires (Smith-Jackson 
& Wogalter 2007) or estimation and justification tasks in qualitative interviews 
(Pettersson-Strömbäck et al. 2010).  While these methods do provide findings regarding 
portions of receivers’ mental models, it is difficult to be confident that they are providing 
a full picture and that their results are valid for the population as a whole.  The omission 
of the mental models interviewing method in particular would be troubling to mental 
models method proponents, who argue that this method more accurately and fully 
captures lay mental models while avoiding providing information that could be leading, 
and that these interviews provide a basis for developing questionnaire items that will be 
more reflective of the mental models of the population under study (Morgan et al. 2002). 
2.4.3 Relationships between mental models and other variables 
Research has neglected to examine how mental models features affect other 
individual variables, such as perceived risk (Johnson 1993).  Because one of the goals of 
the mental models methods is to allow generalization to the population as a whole, it 
appears that researchers using this method have typically been less interested in 
differences among individual judgments.  This represents a missed opportunity, as 
misconceptions and gaps in mental models have the potential to greatly impact 
subsequent risk judgments made based on these mental models.   
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It is likely that mental models are influenced by information previously received, 
and by individual receiver characteristics.  Mental models are not static, but rather change 
over time in response to new information and inferences on the basis of existing 
information.  A person’s mental model is a reflection of the sum total of information that 
the person has gathered or received on a topic, and the inferences they have made from 
this information.  Receiver characteristics (such as age, gender, education, and other 
demographic variables), may influence both the information received (both in terms of 
available information and information-seeking behavior) and the inferences made from 
this information.   
However, mental models studies traditionally have not examined the effect of 
receiver characteristics on mental models, choosing instead to study the mental models of 
groups that can be considered homogeneous (Morgan et al. 2002), and the typical design 
of mental models studies does not usually allow for the study of the effect of previous 
information received.  Participants are unlikely to be able to accurately recall from which 
sources they learned particular facts that are present in their mental models, or be able to 
accurately report the full set of sources from which they have received information on the 
topic.  If sources of information could be accurately assessed, they would likely be found 
to be a key factor in the development of mental models.  The present research seeks to 
assess the effects of both information received and receiver characteristics on mental 
models, and the effects of mental models on risk judgments and satisfaction with hazard 
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Context for Research 
This research seeks to examine the relationship between risk judgments and 
satisfaction with chemical hazard and exposure information received in a community 
setting where health risks are uncertain.  An appropriate setting for this research needs to 
meet two requirements: (1) community-level chemical contamination for which health 
effects are uncertain, and (2) subsequent hazard and exposure communications lacking 
risk information.  A group of chemicals satisfying the first requirement is the group of 
persistent organic pollutants known as dioxins, for which contamination is relatively 
common, but for which health effects and dose-response relationships remain uncertain.  
A location satisfying both requirements is that of Midland and Saginaw counties in 
Michigan, a community that has experienced environmental contamination from dioxins 
and has received hazard and exposure communications about the contamination from 
various sources, including a community exposure study.   
This chapter provides background about the chemical, physical, and 
communications context for the present research, including background about dioxins, 
dioxin contamination in Michigan’s Midland and Saginaw Counties, and the University 
of Michigan Dioxin Exposure Study (UMDES).  The goal of the present research is to 
determine whether residents who feel they are able to make judgments about health risks 
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from dioxins are more satisfied with the information they have received than those 
residents who find it difficult to do so. 
3.1 Dioxins 
Dioxins are a particularly challenging group of contaminants for experts to 
communicate with community residents about.  The challenge arises from the fact that 
residents may have particular difficulty judging the health risks associated with dioxins, 
something which could lead them to feel dissatisfied if satisfaction with hazard and 
exposure communication is based on the ability to judge health risk. 
One aspect that makes judging risk from dioxins challenging is the ubiquitous 
presence of low levels of dioxin contamination.  Detectable levels are widespread in soil, 
sediment, air, animal fats, and human tissues (International Agency for Research on 
Cancer (IARC) 1997).  However, where they are present, oftentimes even in cases of 
point-source contamination, they are present at extremely low levels.  While dioxins have 
a long history of scientific investigation, their health effects at low levels remain 
uncertain.  As a result, even federal government entities have found it difficult to assess 
the health risks, resulting in several controversial policy judgments, further discussed 
below.  All of these factors may combine to create an especially difficult situation in 
which to make risk judgments. 
3.1.1 Known Properties 
Dioxins pose communication challenges due to their chemical complexity.  
Instead of a single compound, dioxins are comprised of family of dioxin-like compounds 
that includes certain types of polychlorinated dibenzodioxins (PCDDs), polychlorinated 
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dibenzofurans (PCDFs), and polychlorinated biphenyls (PCBs).  These compounds 
(herein referred to generically as “dioxins”) are grouped together based on chemical 
reactivity.  Their chemical structures are similar, consisting of two benzene rings 
connected by a single bond (PCBs), an oxygen atom and a single bond (furans), or two 
oxygen atoms (dioxins).  Numerous related congeners are formed by replacing different 
numbers of hydrogen atoms on the benzene rings with chlorine atoms. 
Historically, some dioxins were produced intentionally, but others are produced 
only as unintended byproducts of man-made processes or by natural processes.  PCBs 
were used through the early 1970s in transformers, capacitors, and other applications, but 
are now permitted for use in the U.S. only for research and development purposes (U.S. 
Agency for Toxic Substances and Disease Registry (ATSDR) 2000, p.469).  The 
remaining dioxins are produced as byproducts of natural or manmade processes.  
Combustion in the presence of chlorine is the most common process by which dioxins are 
produced.  Such combustion can occur in incinerators (e.g., municipal, medical waste, or 
hazardous waste incinerators), during backyard trash burning, and naturally during 
wildfires or volcanic eruptions (U.S. Agency for Toxic Substances and Disease Registry 
(ATSDR) 1998, p.378).  Dioxins are also produced by chemical manufacturing processes 
involving chlorine, and by pulp and paper bleaching (U.S. Agency for Toxic Substances 
and Disease Registry (ATSDR) 1998, p.378).  PCDDs have also been found to occur 
naturally in certain types of clay (Horii et al. 2008). 
The chemical and physical properties of dioxins control where they are found in 
the environment.  Dioxins are hydrophobic and lipophilic, making them insoluble in 
water, but soluble in fats.  In the environment, they also attach to soil and sediment 
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particles.  Ingestion of meat, dairy products, and fish accounts for over 90 percent of 
current human exposure to dioxins in the environment (U.S. Agency for Toxic 
Substances and Disease Registry (ATSDR) 1998, p.381).  Inhalation or ingestion of 
combustion byproducts is also possible (U.S. Agency for Toxic Substances and Disease 
Registry (ATSDR) 1998, pp.381–382; International Agency for Research on Cancer 
(IARC) 1997, p.3).  Dioxins are widespread environmentally, with detectable background 
levels nearly worldwide in both environmental (e.g., soil) and biological (e.g., serum) 
samples (International Agency for Research on Cancer (IARC) 1997, p.3).  
Concentrations of dioxins in these samples are typically extremely small and measured in 
parts-per-trillion (ppt).  Dioxins are persistent, with half-lives on the order of years to 
decades in soils and biological media.   
Contamination above background levels has occurred due to discharges to air, 
soil, or water from point source activities and accidents.  Examples of affected 
communities include Seveso, Italy (Bertazzi et al. 1998); Times Beach, Missouri 
(Yanders 1986); Anniston, Alabama (Silverstone et al. 2012); and Paritutu, New Zealand 
(Fowles et al. 2004).  Military and civilian exposures also occurred during the Vietnam 
conflict (Akhtar et al. 2004; Schecter et al. 1986). 
The chemical and physical properties of dioxins could lead to difficulty for 
residents trying to make risk judgments about dioxin contamination in their community.  
Since dioxins at environmental levels are undetectable to the senses, laypeople must base 
their understanding of dioxins on information received from other sources, and on the 
inferences they are able to make from this information.  Partial information or incorrect 
inferences about the chemical or physical properties of dioxins could lead to gaps and 
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misconceptions in lay mental models (Morgan et al. 2002), reducing accuracy and/or 
causing uncertainty in judgments about contamination in the environment and potential 
routes of exposure.  If these judgments are uncertain or inaccurate, then risk judgments 
about dioxins are likely to be uncertain or inaccurate, possibly decreasing satisfaction 
with hazard and exposure information received. 
3.1.2 Uncertain Health Effects 
In addition to difficulties understanding what is known about the properties of 
dioxins, residents desiring to make risk judgments are faced with uncertainty and 
disagreement among experts about the health risks.  Although the health effects of 
dioxins have been the subject of decades of intensive study, much uncertainty remains.   
At a basic level, dioxins are believed to have a toxicological activity that is 
similar to each other, involving binding to the aryl hydrocarbon receptor (AhR).  A 
method for assessing the relative toxicity of different dioxins rates AhR-binding affinity 
relative to that of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the dioxin 
believed to be most toxic.  The resulting measures of relative binding affinity, called 
Toxic Equivalency Factors (TEFs), are set by the World Health Organization (WHO) 
(World Health Organization (WHO) 2005).  They are used to compare exposures to 
different mixtures of dioxins by calculating a Toxic Equivalent (TEQ) intended to 
represent an equivalent exposure to 2,3,7,8-TCDD.  Relative toxicity varies widely for 
different dioxins, with a range of five orders of magnitude (0.00003 to 1) in TEFs among 
the 29 congeners for which they have been assigned (Van den Berg et al. 2006). 
While both cancer and non-cancer health endpoints for dioxins have been 
extensively studied, a comprehensive list of endpoints remains somewhat uncertain, and 
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could vary from congener to congener.  One dioxin congener (2,3,7,8-TCDD) is 
considered to be a human carcinogen by the International Agency for Research on Cancer 
(IARC) based on evidence that exposure raised the overall rate of cancers, rather than 
rates of specific types of cancer (International Agency for Research on Cancer (IARC) 
1997).  Other dioxins are suspected of being human carcinogens because of their similar 
structures.  Additional health endpoints associated with dioxins in animal studies have 
included endocrine disruption, neurobehavioral effects, birth defects, skin effects, fertility 
effects, thyroid effects, liver effects, kidney effects, lung effects, and reproductive effects 
(U.S. Environmental Protection Agency (EPA) 2012).  Human epidemiological studies 
have examined reproductive effects, thyroid effects, birth defects, liver effects, immune 
system effects, and diabetes (U.S. Environmental Protection Agency (EPA) 2012).  A 
characteristic skin condition, chloracne, is the most clearly confirmed human health 
effect of dioxin exposure, but this is seen only at very high exposure levels (International 
Agency for Research on Cancer (IARC) 1997). 
Further complicating matters, the dose-response curve for cancer and non-cancer 
health effects is believed to vary not only by congener but also by animal species, with 
some species (e.g., hamsters) extremely sensitive and others less so (U.S. Environmental 
Protection Agency (EPA) 2012).  This makes extrapolation from animal health effects to 
human health effects more uncertain, especially with respect to understanding the shape 
of the dose-response curve.  It is also uncertain whether dioxin carcinogenicity follows a 
threshold or non-threshold dose-response curve, something which has been debated in the 
literature (Mackie et al. 2003; Cole et al. 2003).  Non-threshold dose-response curves can 
be especially perplexing to lay audiences (Jardine & Hrudey 1997). 
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In an attempt to examine dioxin-related health effects comprehensively, the 
Environmental Protection Agency (EPA) has assessed and reassessed the toxicity of 
dioxins repeatedly several times over the past 25 years.  The U.S. EPA issued health 
assessments, reassessments, or draft reassessments in 1985, 1994, 2000, and 2003, and 
recently issued a reassessment (limited to non-cancer health endpoints) in 2012 (U.S. 
Environmental Protection Agency (EPA) 1985; 1994; 2000; 2003; 2012).  These 
assessments have reviewed hundreds of toxicological studies, exposure studies, and 
epidemiological studies.  Dioxins have also been the subject of widely publicized 
political, regulatory and legal actions, including decisions regarding veterans’ exposure to 
dioxin as a contaminant in the herbicide Agent Orange used in Vietnam in the 1970s; 
relocation of residents of the town of Times Beach, Missouri, where dioxin-contaminated 
oil was sprayed on roads and flooding spread the contamination to residential soils; and a 
major lawsuit against Monsanto regarding PCB contamination in soils and waterway 
sediments in the city of Anniston, Alabama. 
Expert uncertainty regarding the health effects of dioxins may make it difficult for 
laypeople to separate information that is known from what is unknown.  Instead, it is 
possible that lay judgments could range from (a) believing that nothing is known about 
dioxins with certainty, (b) believing that the odds are fifty-fifty on any particular point of 
disagreement, to (c) believing that the is one correct side of every point is known with 
certainty.  As a result, laypeople may have widely varying degrees of difficulty in making 
their own judgments about health risk. 
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3.2 Dioxins in Midland/Saginaw 
One community in which soil and sediment have been found to contain elevated 
levels of dioxins (above background) is in the city of Midland, Michigan, home of Dow 
Chemical Company.  This contamination also extends downstream along the 
Tittabawassee River between the cities of Midland and Saginaw.  The contamination is 
believed to have come from Dow’s historical incinerator emissions and waste discharge 
to the river during the early- to mid-1900s.  Although incinerator emissions were 
examined and greatly decreased in the 1980s, elevated dioxin levels were not detected in 
soil and sediments along the Tittabawassee River until the 1990s.  Since this time 
extensive environmental studies and regulatory actions have been conducted and soil 
remediation has occurred, is currently underway, or is planned, in areas of Midland and 
along the Tittabawassee River. 
Midland/Saginaw is an ideal location to study perceptions of dioxin hazard and 
exposure communications.  First, dioxin contamination is now known to have been 
present in this location for a long period of time, over 60 years, resulting in a highly 
stable situation for retroactive study.  Second, extensive data about residents’ exposure to 
dioxins have been collected and made available to the community.  Frequent 
communications about these data, and about the dioxin contamination more generally, 
have been occurring for over a decade from a wide variety of sources, resulting in a 
presumed saturation of awareness about dioxins within the community.  Third, since 
many of the health effects of dioxins remain uncertain as discussed above, 
communications have naturally been limited to hazard and exposure information, 
omitting any reports of conclusive risk information.   In effect, a natural experiment 
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regarding the effects of receipt of hazard and exposure communication has occurred, 
resulting in a real-world example of many of the theoretical concepts previously 
discussed. 
3.2.1 Hazard and Exposure Communications about Dioxins in Midland and 
Saginaw 
Residents of Midland and Saginaw counties have received hazard and exposure 
communications about dioxins from a wide variety of sources since the 1980s.  Some of 
these communications have been from federal government sources regarding incinerator 
and river contamination assessment and oversight of cleanup efforts (U.S. Environmental 
Protection Agency (EPA) 1988; U.S. Environmental Protection Agency (EPA), Region 5 
n.d.; U.S. Agency for Toxic Substances and Disease Registry (ATSDR) 2002).  The 
Michigan Department of Community Health (MDCH) and Michigan Department of 
Environmental Quality (MDEQ) have produced fact sheets and advisories for residents 
(Michigan Department of Community Health (MDCH) et al. n.d.).  Community groups 
have developed communications advocating for cleanup (Tittabawassee River Watch 
2012).  The Dow Chemical Company developed a website on the topic and attended 
various public meetings.  Frequent updates regarding ongoing research, decision-making, 
and activities by various parties have been provided by media sources such as the 
Midland Daily News (Lascari 2010), Saginaw News (Engle 2009), local television 
stations (e.g., WNEM Saginaw Channel 5, WJRT Flint Channel 12), and radio stations 
(Allee 2009).   
Since the health effects of dioxins remain uncertain generally, information from 
all of these sources has naturally been limited to hazard and exposure information.  
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Although there has been considerable speculation about potential health effects and risk 
from some sources (e.g., media interviews with residents discussing their judgments of 
their own risk), and likely discussions among friends and neighbors regarding their own 
risk judgments, no conclusive information regarding health risks has been provided. 
3.3  University of Michigan Dioxin Exposure Study (UMDES) 
Another source of hazard and exposure communications to residents has been a 
extensive community exposure study.  In 2004, in response to concerns that elevated 
levels of dioxins in the city of Midland and in the Tittabawassee River floodplain may be 
causing elevated body burdens in residents of these areas, Dow asked researchers from 
the University of Michigan to conduct a study of residents’ exposure (Garabrant et al. 
2009).  The study, called the University of Michigan Dioxin Exposure Study (UMDES) 
collected samples of participants’ blood, residential soil, and house dust.  The goal of the 
UMDES was to determine whether dioxin contamination in soil and house dust was 
associated with increased body burdens of dioxins among residents of Midland, Saginaw, 
and southwestern Bay counties (Garabrant et al. 2009), and to assess potential pathways 
of exposure.    
The UMDES resulted in specific communications to participants and more 
general communications to the community about the magnitude of dioxin exposure.  
These communications are discussed in more detail below.  By examining the 
perceptions of receivers of these communications, including study participants and non-




3.3.1 UMDES Study Design 
The UMDES was a very detailed study of exposure pathways, involving a large 
number of matched samples of blood, soil, and house dust within multiple populations.  
Five sub-populations were studied by the UMDES: four in the Midland/Saginaw area, 
and one in a control area over 100 miles away.  The first population, called “Floodplain,” 
consisted of those residing in the 100-year Tittabawassee River floodplain, (as defined by 
the Federal Emergency Management Administration (FEMA)) downstream of the Dow 
Chemical Company and upstream of the point where the Tittabawassee River joins the 
Shiawassee River.  Participants who stated during the UMDES interview process that 
their property had previously been flooded by the Tittabawassee River were also included 
in the “Floodplain” population.  The second population, “Near Floodplain,” consisted of 
those residents who lived outside the floodplain, but in census tracts that included the 
floodplain.  The third population, “Plume,” consisted of residents of census tracts within 
the area of aerosol deposition from the Dow Chemical incinerator plume, as modeled by 
simulation (see Garabrant et al. 2009, p.804).  The fourth population, “Other 
Midland/Saginaw,” consisted of those residing in census blocks within Midland and 
Saginaw counties or Williams Township in Bay County, but outside the Plume, 
Floodplain, and Near Floodplain regions defined above, and the outside the floodplain of 
the Shiawassee and Saginaw rivers.  The fifth and final population studied by the 
UMDES was a control group residing in Jackson and Calhoun counties, an area over 100 
miles away from Midland/Saginaw, with no known dioxin contamination above 
background.   
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Participants underwent interviews to establish lifetime histories of their diet (fish, 
game, poultry, dairy, and produce consumption and whether it came from contaminated 
areas), activities in contaminated areas (e.g., hiking, camping, picnicking, water sports), 
occupation (including work at Dow Chemical Company or in other occupations with 
likely exposure), and residential history (Garabrant et al. 2009).  An 80-mL sample of 
blood was drawn from participants who were eligible based on Red Cross guidelines.  
Outdoor soil and indoor dust samples were collected only from the homes of those 
participants who owned their home, as non-owners did not have legal authority to provide 
such samples without the consent of the property owner.  Table 3.1 summarizes the 
number of participants, by region and activities completed. 



















Midland/Saginaw 965 695 (72%) 566 (74%) 572 (59%) 548 (57%) 
 Floodplain 326 251 (77%) 207 (63%) 203 (62%) 195 (60%) 
 Near Floodplain 264 197 (75%) 159 (60%) 164 (62%) 156 (59%) 
 Plume 71 48 (68%) 37 (52%) 37 (52%) 35 (49%) 
 Other Mid./Sag. 304 199 (65%) 163 (54%) 168 (55%) 162 (53%) 
Jackson/Calhoun 359 251 (70%) 198 (55%) 194 (54%) 183 (51%) 
Total 1,324 946 (71%) 764 (58%) 766 (58%) 731 (55%) 
 
Blood, dust, and soil samples were all analyzed for the presence of 29 dioxin-like 
congeners with TEFs established by the World Health Organization (Garabrant et al. 
2009).   
 
 59 
3.3.2 UMDES Communications 
Communication with participants, residents of the affected communities, and 
other stakeholders was an important part of the design of the UMDES (Garabrant et al. 
2009).   
Stakeholders actively involved in the Midland/Saginaw dioxin issue were 
involved in development of the UMDES study protocol through face-to-face and 
telephone meetings and/or submission of written comments (Garabrant et al. 2009).  Such 
stakeholders included the Michigan Department of Community Health (MDCH), the 
Michigan Department of Environmental Quality (MDEQ), local county health 
departments (Midland, Saginaw, and Bay), environmental groups (Lone Tree Council 
and the Ecology Center), the Dow Chemical Company, and the Agency for Toxic 
Substances and Disease Registry (ATSDR) (Garabrant et al. 2009).  A Scientific 
Advisory Board (SAB) of four scientists was established to review the conduct of the 
study.   
Two Community Advisory Panels (CAPs) were established to provide the 
community with information about the study and to provide UMDES researchers with 
feedback regarding the concerns of the community (Garabrant et al. 2009).  The 
researchers identified key community leaders for interviews, and conducted focus groups 
to clarify concerns of the community and solicit nominations for potential CAP members 
(Garabrant et al. 2009).  The researchers developed an outreach and education campaign 
to provide information to the community through a website (University of Michigan 
Dioxin Exposure Study n.d.), area physicians, elected officials, public health officials, 
key community leaders, and public meetings (Garabrant et al. 2009).  This information 
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included descriptions of the study and its progress, results, and interpretation of findings.  
The researchers also conducted focus group research to determine how best to 
communicate quantitative results from the study (Olson et al. 2006). 
The UMDES involved economic risks to participants with respect to analyzing 
the dioxin content of their soil and house dust (Franzblau et al. 2006; Garabrant et al. 
2009).  If the results of these analyses were disclosed to the participant this could not 
only impact the value of the participant’s property but also had the potential to impact the 
participants’ use of their property under environmental regulations (Franzblau et al. 
2006).  Under the MDEQ’s current standard, a residential property with a dioxin level in 
soil of 90 ppt or higher TEQ is considered a “facility” (i.e., a hazardous waste facility).  
Property owners whose property meets this definition are barred from moving the 
contaminated soil in ways that may spread the contamination (Franzblau et al. 2006).  
Simply knowing the results of the soil or dust analyses could have resulted in obligations 
to disclose these levels to future potential purchasers of the property, which could impact 
the price these purchasers are willing to pay. 
Individual UMDES participants could elect whether or not to receive the results 
of their own blood, dust, and soil sample analyses.  After being made aware of the risks 
of choosing to receive the results of their soil and house dust sampling, most still chose to 
receive their results.  Approximately 95% of participants elected to receive their blood 
results, and about two-thirds elected to receive their soil and dust results (see Table 3.2).  
Those electing to receive them were sent letters by mail containing blood, soil, and house 
dust results (see Appendix A). 
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Table 3.2 Summary of UMDES Participants’ Choices Regarding Receipt of Results 
 
Percent Choosing to 
Receive Results 













Jackson/Calhoun 93% 67% 63% 
Overall 95% 67% 63% 
 
The present research focuses on several key communications to participants and 
community members, including the 2004-2005 results letters to participants, and detailed 
results brochures sent to participants described below. 
In August 2006, the UMDES researchers produced a 41-page brochure of the 
overall study results (University of Michigan Dioxin Exposure Study 2006) (see 
Appendix B).  Focus group research was used to determine how to communicate study 
results in graphs that would be easy to understand (Olson et al. 2006).  The brochure was 
mailed to all UMDES participants, and disseminated to other residents of the affected 
communities through alternate channels such as public meetings, posting to the UMDES 
website, and availability of copies at public locations in the community (e.g., public 
libraries).  The 2006 brochure provided a lay summary of results, including a 
comprehensive discussion of the effects of factors studied on blood dioxin levels.  The 
brochure stated that some dioxin levels in the study population were higher among: 
people who were older (p. 7); people who ate fish, especially fish from the Tittabawassee 
River, Saginaw River, and Saginaw Bay (p. 7); people who ate game (p. 7); people who 
ate more meat, dairy, or eggs (p. 7); people who lived on property with soil contaminated 
by some dioxins (p. 7); people with household dust contaminated by a certain dioxin (p. 
7); people who lived in some areas of Midland/Saginaw (p. 7); people who did 
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recreational activities around the Tittabawassee River more than once a month (p. 19); 
people who worked at the Dow plant between 1940 and 1959 (p. 20); men with higher 
Body Mass Index (BMI) (pp. 13-14); people who lost weight in the last year (p. 14); and 
people who burned trash or yard waste on their properties between 1940 and 1959 (p. 20) 
(University of Michigan Dioxin Exposure Study 2006).  The brochure stated that dioxin 
levels were lower in the study population among: people who were younger (p. 7); people 
who smoked (p. 7); women who breastfed (p. 7); and people who ate more fruits and 
vegetables (p. 7) (University of Michigan Dioxin Exposure Study 2006). 
In January 2011, all Midland and Saginaw residents (not only UMDES 
participants) were mailed a four-page, large-format brochure of updated study results 
(University of Michigan Dioxin Exposure Study 2011b) (see Appendix C).  This mailing 
occurred during the present research, but during an ideal point between key phases of 
data collection in Midland and Saginaw.  The updated 2011 brochure restated many of 
the same conclusions as the 2006 brochure, but also stated that additional analyses had 
found that blood levels of dioxins in the study population were not higher among: people 
who lived in the Midland/Saginaw area after 1980 (and not in the 1960s and 1970s) (pp. 
1, 2); people whose houses were on contaminated soil (pp. 1, 3); people who had 
contaminated dust in their homes (pp. 1, 3); or people who ate fish from the 
Tittabawassee River, Saginaw River, and Saginaw Bay (pp. 1, 2) (University of Michigan 
Dioxin Exposure Study 2011b).  This brochure was also posted to the UMDES website.  
A more detailed, 44-page brochure discussing the study’s findings (University of 
Michigan Dioxin Exposure Study 2011a) (see Appendix D) was made available on the 
study website and in public locations (e.g., libraries) around the community.  
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3.3.3 Scope of UMDES Communications 
The UMDES was strictly an exposure pathway study.  As such, it did not focus on 
the health effects of dioxins, did not examine the health of participants, and did not assess 
the risk from dioxin exposure.  As a result, nothing in the study communications 
characterized the relative risk from various levels of dioxin exposure, and information 
was instead limited to exposure information, and some hazard information. 
Results letters to study participants characterized the magnitude of exposure by 
comparing blood levels and soil levels to reference levels.  For example, letters to 
individual participants regarding blood results compared the participant’s blood TEQ 
with 50th, 75th, 90th, and 95th percentile, mean, minimum, and maximum CDC estimates 
for background TEQ levels in people of age groups 15-29, 30-44, 45-59, and 60+ (see 
Appendix A).  Letters to participants regarding soil results compared the participant’s soil 
TEQ with the MDEQ regulatory standard of 90 ppt and the EPA standard of 1,000 ppt, 
and with the 25th, 50th, 75th, and 97.5th percentile, mean, minimum, and maximum 
background TEQ levels for the lower peninsula of Michigan, as measured by the MDEQ 
(see Appendix A).  No comparison values were given for dust results, as none were 
available from published sources. 
Results brochures (2006 and 2011) provided the results of the exposure study, as 
described above, and also provided some limited hazard information about dioxins.  For 
example, the 2011 brochure mentioned “toxic effects” and “potential to cause harmful 
health effects,” provided the following quote from a Centers for Disease Control and 
Prevention (CDC) fact sheet: “Human health effects from low environmental exposures 
are unclear. People who have been unintentionally exposed to large amounts of these 
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chemicals have developed a skin condition called chloracne, liver problems, and elevated 
blood lipids (fats). Laboratory animal studies have shown various effects, including 
cancer and reproductive problems” (University of Michigan Dioxin Exposure Study 
2011a; U.S. Centers for Disease Control and Prevention (CDC) 2009), and gave the 
additional statement “One of the specific dioxins, TCDD, is known to cause cancer in 
people, and related dioxins are suspected to cause cancer in humans.” (University of 
Michigan Dioxin Exposure Study 2011a).  Risk information was not provided. 
3.4 Conclusion 
Dioxin contamination in Michigan’s Midland and Saginaw counties, and a 
multitude of subsequent hazard and exposure communications, has created a natural 
experiment ideal for studying risk judgments and satisfaction with chemical hazard 
exposure communications.  The chemical, physical, and communications context have 
created an ideal setting for the present research, and the previous exposure assessment 
study provides an extremely useful starting point for further research. 
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Research Approach and Specific Aims 
The present research examines risk judgments and satisfaction with hazard and 
exposure communications in the context of a community that has experienced dioxin 
contamination, a subsequent exposure assessment study, and a multitude of 
communications from various sources.  This setting is ideal for additional research 
regarding the effects of hazard and exposure communication.  As part of a larger mental 
models study, the present research examines risk judgments about dioxins and 
satisfaction with information received in this community setting.  This chapter provides 
background about the existing mental models study, additions to it, and presents specific 
aims and an analytical model for the present research. 
4.1 Community Perceptions of Dioxins (CPOD) Study 
In 2009, the National Institute for Environmental Health Sciences (NIEHS) 
funded a research proposal by researchers at the University of Michigan School of Public 
Health to examine perceptions of dioxins among residents of Midland and Saginaw 
counties.  The resulting study, titled Community Perceptions of Dioxins (CPOD), was 
used to simultaneously collect data for the present research.  The CPOD study used a 
modified version of the mental models approach to risk communication (Morgan et al. 
2002) to examine the mental models of residents who have been exposed to messages 
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about dioxins from living in an area with known dioxin contamination and/or 
participating in a dioxin exposure study.   
4.1.1 CPOD Study Design 
The CPOD study examined mental models of the process of dioxin exposure and 
health effects.  The study was conducted in three phases.  Phase 1 involved creating an 
expert model elicited through expert interviews.  Phase 2 involved identifying potential 
misconceptions and gaps through comparison of the expert model with lay mental models 
elicited through lay interviews.  Phase 3 involved assessing the prevalence of these 
misconceptions or gaps among the population of interest through a mailed survey to a 
larger sample of the population.   
For its study population, the CPOD study followed up with both UMDES 
participants and non-participants (residents of Midland/Saginaw), and, as an addition for 
the present research, UMDES control participants (residents of Jackson/Calhoun).  These 
three groups have each potentially received and processed quite different sets of hazard 
and exposure communications and as a result represent an interesting population in which 
to explore satisfaction with communications.  UMDES participants residing in 
Midland/Saginaw received communications directly from the UMDES, and, as residents 
of Midland/Saginaw, also received information from the experience of living in an area 
with known dioxin contamination.  Non-UMDES participants residing in 
Midland/Saginaw shared the experience of living in an area with known dioxin 
contamination and potentially received communications from many of the same sources.  
These participants also may have received public communications by the UMDES (e.g., 
brochures, public meetings), but did not receive communications from direct participation 
 
 73 
in the study (e.g., personal results letters).  UMDES participants residing in 
Jackson/Calhoun received identical communications directly from the UMDES, but did 
not receive other communications from other sources as Midland/Saginaw residents.  In 
addition to receipt of varying communications, the different lived experiences of each 
group (e.g., living in an area with known dioxin contamination, participating in an 
exposure assessment study) could affect how residents within that group interpreted the 
communications they received.  This has resulted in a natural experiment, with different 
groups receiving hazard and exposure communications about dioxins from a variety of 
sources under natural conditions and potentially interpreting these communications in 
different ways. 
4.1.2 Additions to the CPOD Study 
The present research has expanded the CPOD study to measure additional 
variables and collect data in the Jackson/Calhoun UMDES participant population (see 
Table 4.1).   
The original CPOD study intended to collect data regarding the mental models of 
residents of Midland/Saginaw only.  For the present research, the CPOD study was 
extended to include Jackson/Calhoun residents who had participated in the UMDES as a 
control population.  Questions regarding satisfaction with information, more detailed 
questions regarding judgments of health risk, and questions regarding the ability to make 
these judgments were also added for the present research.  Use of a mental models 
approach allowed a deeper exploration of these variables, as well as a direct examination 




Table 4.1 Existing CPOD Study and Additions 
Phase 2 Component Original CPOD study  Additions for present research 
Interview questions and 
post-interview questionnaire 
items regarding health risk 
judgments 
Limited to participant 
judgment of their own risk 
from dioxins 
• Questions specific to participant 
judgment of health risk to 
themselves, their families, and 
their community 
• Questions regarding perceived 
ability to make 
cognitive/affective health risk 
judgments 
Post-interview questionnaire 
items regarding satisfaction 
None • Questions regarding participant 
satisfaction with state of 
knowledge and messages 
received 





• Extended to include 
Jackson/Calhoun residents 
 
Phase 3 Component 
 
Original CPOD study 
 
Additions for present research 
Mailed survey items 
regarding health risk 
judgments 
Limited to participant 
judgment of their own risk 
from dioxins 
• Questions specific to participant 
judgment of health risk to 
themselves, their families, and 
their community 
• Questions regarding perceived 
ability to make health risk 
judgments 
Mailed survey items 
regarding satisfaction 
None • Questions specific to participant 
satisfaction with state of 
knowledge and messages 
received 
Mailed survey recipients Limited to 
Midland/Saginaw 
residents only 
• Extended to include 
Jackson/Calhoun residents 
 
4.2 Specific Aims 
The present research seeks to determine whether people who have received 
hazard and exposure information are more likely to be satisfied with that information if 
they are able to more easily judge the resulting health risk.  Specific aims of the present 
research are listed below. 
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1. Risk Judgments.  To assess judgments about resulting personal/family or community 
health risks, and perceived difficulty in making these judgments, among residents 
exposed to messages about dioxins (participants and non-participants in an exposure 
study). 
1a. To investigate whether health risk judgments, and/or perceived difficulty in 
making these judgments, vary with the communications residents have received. 
1b. To consider to what degree numeracy and other personal characteristics moderate 
residents’ health risk judgments and/or perceived ability to make these judgments. 
2. Mental Models.  To investigate the extent to which residents’ mental models of dioxin 
exposure/risk mediate their health risk judgments and/or perceived difficulty in 
making these judgments. 
2a. To determine whether residents’ mental models are directly affected by 
communications received. 
2b. To determine whether residents’ mental models are directly affected by numeracy 
and other personal characteristics. 
2c. To determine whether residents’ health risk judgments and/or their difficulty in 
making to make these judgments are directly affected by their mental models. 
2d. To determine whether residents’ mental models mediate the effect of 
communications received and personal characteristics on their health risk 
judgments and/or their perceived difficulty in making these judgments.   
3. Satisfaction.  To investigate whether residents’ health risk judgments, and/or 
perceived difficulty in making these judgments, directly influence their satisfaction 
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with their level of knowledge about dioxins and/or their satisfaction with the 
information they have received or gathered about dioxins. 
3a. To determine whether residents’ health risk judgments, and/or perceived difficulty 
in making these judgments, mediate residents’ satisfaction with their state of 
knowledge and the information they have received or gathered. 
4.3 Analytical Model 
Analysis of data from the quantitative survey in Phase 3 is approached in three 
stages, each corresponding to one set of my specific aims regarding (1) risk judgments, 
(2) mental models, and (3) satisfaction.  An analytical model describing the relationships 
between variables at each of these three stages is shown in Figure 4.1 and discussed in 
further detail below. 
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4.3.1 Risk Judgments 
The first stage of my analysis involves determining the effect of Receiver 
Characteristics and Information Received on Risk Judgments (Specific Aims 1, 1a, 1b, as 
illustrated in Figure 4.1). 
Information Received variables relate to differences in information received by 
participants.  These include variables regarding receipt of UMDES communications, such 
as recalled receipt of UMDES brochures and UMDES participation, as well as variables 
related to overall familiarity with dioxins, including self-assessed familiarity and 
exposure to news media (e.g., Jackson/Calhoun vs. Midland/Saginaw), and whether the 
participant consulted other sources in answering question. 
Receiver Characteristics include variables related to individual differences among 
participants.  These include variables known to affect risk judgments, such as gender, 
race/ethnicity, and mistrust of government or industry.  They also include variables 
related to processing of information, including education, numeracy, and location as a 
measure of perceived relevance (e.g., Midland/Saginaw versus Jackson/Calhoun, 
floodplain versus non-floodplain).  Working for a chemical company is also included as a 
measure of past experience with chemicals more generally.  Age and location may be 
related both to processing of information and past experiences with dioxins and 
chemicals more generally. 
Risk Judgments include variables related to judgments of the magnitude of health 
risk from dioxins, such as judgments of whether health risk from dioxins is low or high, 
concern about health risk from dioxins; as well as measures of confidence and ease of 
judging health risk.  These variables are intended to capture both cognitive and affective 
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measures of receivers’ health risk judgments and subjective ability to make these 
judgments. 
I hypothesize that Receiver Characteristics and Information Received will have 
direct effects on Risk Judgments.  In particular, I hypothesize that the magnitude of 
health risk judgments, or levels of concern, will be affected by living in the contaminated 
area (i.e., Midland/Saginaw versus Jackson/Calhoun, floodplain versus non-floodplain) 
and by exposure to UMDES communications, by mistrust of government and industry, 
and also potentially by demographic variables (age, gender, race/ethnicity, numeracy, 
education, children, and working at a chemical company).  I hypothesize that the ability 
to judge health risk, or confidence in judging health risk, will be affected by overall 
familiarity with dioxins, location as a measure of exposure to media (i.e., 
Midland/Saginaw versus Jackson/Calhoun), and recalled receipt of UMDES brochures, 
as well as demographic variables such as numeracy, education, and working at a 
chemical company. 
4.3.2 Mental Models 
The second analysis stage involves examining the effects of Mental Models 
variables on Risk Judgments (Specific Aims 2, 2a, 2b, 2c, 2d, as illustrated in Figure 4.1). 
Mental Models variables include variables related misconceptions, completeness, 
or other characteristics of participants’ mental models.  These include misconceptions, 
such as concern about non-significant water or dermal exposure pathways, or beliefs that 
dioxins are created by additional non-significant sources.  Mental models variables also 
include more general beliefs about whether dioxins in the environment are increasing or 
decreasing and beliefs about whether there is an exposure threshold below which dioxins 
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do not cause health effects.  Finally, mental models variables also include measures of 
strength of beliefs, assessed by measuring confidence ratings in answers to mental 
models questions. 
I hypothesize that Mental Models variables may mediate the effects of Receiver 
Characteristics and Information Received on Risk Judgments.  In particular, I 
hypothesize that Mental Models misconceptions and confidence may mediate the effect 
on ability to judge health risk and confidence in judging health risk of Receiver 
Characteristics and Information Received such as familiarity with dioxins, location as a 
measure of exposure to news media (i.e., Midland/Saginaw versus Jackson/Calhoun), and 
recalled receipt of UMDES brochures, as well as demographic variables such as 
numeracy, education, and working at a chemical company.  Mental Models 
misconceptions and confidence may also mediate the effect on the magnitude of health 
risk judgments, or levels of concern, of living in the contaminated area (i.e., 
Midland/Saginaw versus Jackson/Calhoun, floodplain versus non-floodplain), and 
exposure to UMDES communications, by mistrust of government and industry, and 
demographic variables (age, gender, race/ethnicity, numeracy, education, children, and 
working at a chemical company). 
4.3.3 Satisfaction 
The third and final stage involves examining the effect of Risk Judgments on 
Satisfaction variables (Specific Aims 3 and 3a, as illustrated in Figure 4.1). 
Satisfaction variables include variables related to receiver satisfaction with total 
information received or gathered to date.  These include assessments of feeling satisfied 
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with the information gathered or received about dioxins, feeling one has enough 
information about dioxins, and feeling generally well-informed about dioxins. 
I hypothesize that Risk Judgment variables will mediate some of the effects of 
Receiver Characteristics, Information Received, and Mental Models on Satisfaction.  In 
particular, I hypothesize that ease of judging health risk and/or confidence in judging 
health risk will mediate the effects of other variables on Satisfaction.  As a competing 
hypothesis, judgments of the magnitude of health risk or level of concern could also 
mediate effects on Satisfaction. 
4.4 Reference 
Morgan, M.G. et al., 2002. Risk Communication: A Mental Models Approach, 





Methods and Participants 
The present research was conducted in three phases, concurrent with the phases of 
the Community Perceptions of Dioxins (CPOD) study.  In Phases 1 and 2, CPOD staff 
conducted mental models interviews with experts (n=5) and laypeople (n=50) to establish 
expert and lay mental models for further investigation by the CPOD study in Phase 3.  
Lay interviews also included questions about risk judgments as additions for the present 
research, and lay participants completed a brief questionnaire that further assessed risk 
judgments, and satisfaction with information, also as additions for the present research.  
The purpose of Phases 1 and 2 was to gather preliminary data, including a rich set of 
qualitative data, and to pilot test potential questions for the mailed survey in Phase 3.   
5.1 Phase 1 Expert Interview Methods and Results 
The purpose of Phase 1 was to develop an expert mental model of dioxin 
exposure and health risk for the CPOD study to use in identifying gaps and 
misperceptions in Phase 2 layperson interviews.  I made no additions to CPOD Phase 1 
for purposes of the present research. 
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5.1.1 Phase 1 Participants 
Five experts familiar with dioxins participated in interviews in CPOD Phase 1.  
Four were specifically familiar with the dioxin contamination in Midland and Saginaw 
counties, and one was familiar with contamination in other locations.  Two were from 
local government agencies, one was from a federal government agency, one was from a 
community activist group, and one was from academia.  Two additional experts from a 
state government agency declined to participate.  One expert was female and four were 
male.   
5.1.2 Phase 1 Interview Methods 
Expert interviews ranged from 52 to 82 minutes in length, with an average length 
of 64 minutes. A single interviewer trained in the mental models technique conducted all 
five interviews.  One or more additional CPOD study team members were also present at 
each interview.  One of the interviews was conducted by telephone, and four were 
conducted in person. 
Interviews used a mental models interviewing format designed to assess 
interviewee knowledge without providing additional information. The CPOD study team 
developed the interview guide based on available mental models interview guides for 
environmental topics (e.g., radon) (Morgan et al. 2002).  Except for some refinements 
added after the first interview, the same guide was used for all five expert interviews.  
The guide covered general information first and probed more specific areas later to avoid 
introducing new information.  Interviews started with the general prompt, “Tell me about 
dioxins….” moved to more specific probes such as, “Can you tell me (more) about how 
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dioxins get into people?” The CPOD interviewer generally provided the probes in order 
but adapted the sequence for each interview to allow follow up on topics as they were 
mentioned.  See Appendix E for a reproduction of the full expert interview guide.   
5.1.3 Phase 1 Analysis and Expert Model Construction 
Interviews were audio recorded, and a CPOD study team member then transcribed 
each interview verbatim.  Three CPOD study team members then independently analyzed 
each transcript as it was completed and drafted an influence diagram of the nodes and 
connections described in the transcript.  These CPOD study team members also analyzed 
each additional transcript was analyzed for new nodes and connections to add to the 
influence diagrams.  Resulting drafts by the individual team members were iterated until 
agreement was reached with the full CPOD study team as to the scope and level of detail 
required for use in Phase 2.   
The expert model developed is reproduced in Appendix F.  The model consists of 
an influence diagram made up of nodes connected by arrows, in which each arrow 
denotes that the node at the arrow’s base influences the node at the arrow’s base. 
5.2 Phase 2 Layperson Interview Methods 
The purpose of CPOD Phase 2 was to identify, through mental models interviews 
with laypeople, gaps and misperceptions in lay mental models that could be assessed for 
frequency in a larger sample in Phase 3.  I added questions added to Phase 2 interviews 
for the present research, and to the Phase 2 a post-interview questionnaire, to gather pilot 
data in preparation for the larger survey in Phase 3.  
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5.2.1 Phase 2 Participant Recruitment 
The CPOD study recruited participants from three populations: (1) former 
University of Michigan Dioxin Exposure Study (UMDES) participants from 
Midland/Saginaw counties, (2) non-UMDES participants from Midland/Saginaw counties 
(residents of the same neighborhoods as UMDES participants, but who were not 
approached to participate in the UMDES) and, (3) former UMDES participants from the 
control group in Jackson/Calhoun counties.   
Since the goal in Phase 2 was to obtain a varied point of view (i.e., a wide range 
of potential mental models gaps and misconceptions) within each population, the CPOD 
study employed a purposeful sampling approach, specifically targeting individuals based 
on two types of variables expected to affect the information the participants had received.   
The first variable used to stratify Phase 2 participants for purposeful sampling was 
location.  For UMDES participants, the CPOD study stratified location into five groups 
corresponding with the five UMDES sub-populations: Floodplain, Near Floodplain, 
Plume, Other Midland/Saginaw, and Jackson/Calhoun.  For non-UMDES participants, 
the CPOD study stratified location into two groups: Floodplain/Near Floodplain and 
Other Midland/Saginaw.  The study focused on location because the study team 
hypothesized that this would affect mental models beliefs and other perceptions. 
Individuals living in these regions may have been exposed to different information (e.g., 
news media, guidance from local public health agencies, etc.), and they may have 
perceived such information as varying in relevance.  In particular, those who lived closer 
to the floodplain may have perceived greater relevance to information about dioxins, 
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since the contamination of the Tittabawassee River floodplain has been well-publicized 
in the Midland/Saginaw region. 
The second variable was receipt of UMDES results.  (For non-UMDES 
participants, this variable was not used.)  The CPOD study used slightly different 
approaches for Midland/Saginaw and Jackson/Calhoun UMDES participants.  The study 
first divided Midland/Saginaw UDMES participants  into two groups: those who had 
elected to receive all of their individual results and those who had refused one or more of 
their individual blood, soil, or house dust results.  The study then further subdivided 
Midland/Saginaw participants on the basis of whether or not they had one or more “high” 
individual results.  “High” results were defined as soil testing results over 90 ppt or blood 
testing results greater than or equal to the 75th percentile for the participant’s age.  The 
CPOD study chose a soil threshold of 90 ppt because this was the level at which the 
participant’s property could be declared a “facility” by the Michigan Department of 
Environmental Quality (MDEQ).  The study chose a blood threshold of the 75th 
percentile because participants were given comparison tables in their individual blood 
results letters stating the national average 5th, 50th, 75th, and 95th percentiles for blood 
levels by age (see Appendix A).  The study stratified Jackson/Calhoun participants only 
by whether they had one or more “high” results, and not by whether they elected to 
receive all results.  This was because most “high” results in the Jackson/Calhoun 
population were blood results (not soil or house dust), and nearly all Jackson/Calhoun 
participants had elected to receive their individual blood results. 
CPOD staff sent targeted mailings to each of the intended sub-groups in waves to 
achieve a balanced number of participants in each subgroup.  Letters directed participants 
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to telephone a study team member to schedule an interview at their convenience.  To be 
eligible for an interview, participants had to reside in the area of interest, be 18 years of 
age or older, have lived in their current home for one or more years, and speak fluent 
English, and be available for the interview to be conducted in person.  The CPOD study 
team made decisions collectively regarding the number of interviews to obtain from each 
group as the interviews progressed.  CPOD staff mailed letters to approximately one 
dozen randomly selected subgroup members and repeated this process approximately 
every one to two weeks until a sufficient number of interviews had been scheduled.  A 
total of 269 letters were mailed: 96 to Midland/Saginaw UMDES participants, 75 to 
Midland/Saginaw non-UMDES participants, and 98 to Jackson/Calhoun UMDES 
participants.  Mailings and responses are summarized in Table 5.1. 















96 9 15 2 26 31% 
Mailing 1 16 0 4 -- 5 -- 
Mailing 2 16 2 2 -- 2 -- 
Mailing 3 32 4 5 -- 10 -- 
Mailing 4 17 1 4 -- 4 -- 




75 4 6 0 8 11% d 




98 8 8 0 16 18% d 
Mailing 1 24 0 4 -- 5 -- 
Mailing 2 24 4 4 -- 1 -- 
Mailing 3 c 50 4 0 -- 10 -- 
a Out of town (e.g., at a summer or winter residence) and unavailable for in-person interview. 
b Response Rate = Completed / (Mailed - Undeliverable - Unavailable)  
c Follow-up activities ceased and two-week reminder cards were not sent to these mailing groups.   
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d Response rate is likely artificially low due to ceasing follow-up activities. 
 
Interviews began with the Midland/Saginaw UMDES group, and continued with 
this group until the CPOD study team judged that new topics were no longer being raised 
by participants in each interview (26 interviews total).  Interviews continued with the 
Midland/Saginaw Non-UMDES group, until the CPOD study team judged that topics 
different from those discussed by Midland/Saginaw UMDES participants were not being 
raised (8 interviews total).  Finally, interviews proceeded with the Jackson/Calhoun 
UMDES group, and continued until the CPOD study team judged that new topics were 
not being raised (16 interviews total).  At this point, CPOD staff ceased follow-up 
activities (reminder mailings, telephone calls, etc.) and additional mailings. 
A summary of Phase 2 participant stratification is given in Table 5.2. 
Table 5.2. Stratification of Phase 2 Participants 
UMDES Participation Region 
Participants 












Participants receiving all 
UMDES results 
     
With one or more “high” 
UMDES results 
2 1 2 2 7 (14%) 
With all low UMDES 
results 
2 1 2 2 7 (14%) 
Participants refusing one or more 
UMDES results a 
     
With one or more “high” 
UMDES results 
2 1 2 2 7 (14%) 
With all low UMDES 
results 
0 1 2 2 5 (10%) 
Midland/Saginaw Non-
UMDES Participants 
Flood Plain or 
Near Flood Plain 
Plume or Other 
Midland/Saginaw  
 4 4 8 (16%) 
Jackson/Calhoun UMDES 
Participants 
Not stratified by region  
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With one or more “high” 
UMDES results b 
Not stratified by region 7 (14%) 
With all low UMDES 
results 
Not stratified by region 9 (18%) 
Total 50 (100%) 
a At UMDES participants’ request, blood, dust, and/or soil results may or may not have been 
returned to participants. 
b Jackson/Calhoun participants were not stratified on the basis of receipt of results. 
 
5.2.2 Phase 2 Interview Methods 
The CPOD interview guide for the Phase 2 layperson interviews was based on the 
expert interview guide from Phase 1, but with several revisions.  First, the CPOD study 
team added questions to further explore topics found to be important parts of the expert 
model developed in Phase 1, including more specific probes about how dioxins get into 
the community and where they go, who is responsible for managing dioxins, and whether 
the participant knew anyone with health issues believed to be related to dioxins. The 
study team also added an open-ended question was added to the end of the interview 
guide asking if there was anything the participant would like to add about dioxins. In 
addition, I added questions specifically for the present dissertation research about the 
participant’s judgment of his or her individual risk, and the ease or difficulty of making 
this judgment.  See Appendix G for the full lay interview guide.   
The CPOD team then pilot tested the lay interview guide by conducting two 
complete mental models interviews, first with a study team member and then with a 
University of Michigan student from the Midland/Saginaw area.  Once pilot testing was 
complete, the team received Institutional Review Board approval and obtained a 
Certificate of Confidentiality to continue original protections on UMDES data. 
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All 50 interviews were conducted by the same interviewer, a CPOD study team 
member with previous experience conducting qualitative interviews who was trained in 
the mental models interviewing technique.  An additional CPOD study team member 
accompanied the interviewer on interviews of three Midland/Saginaw UMDES 
participants and two Jackson/Calhoun UMDES participants.  
Interviews took place in participants’ homes, with the exception of one interview 
that took place at a restaurant near the participant’s place of work.  One participant 
declined to answer a number of the interview questions, resulting in an interview that was 
only 9 minutes long.  The remaining interviews lasted from 22 to 105 minutes each, with 
an average duration of 44 minutes.  Following each interview, participants completed a 
brief questionnaire. 
5.2.3 Phase 2 Post-Interview Questionnaire Design 
Phase 2 post-interview questionnaires consisted of 54 questions divided into eight 
sections (see Table 5.3).  The full questionnaire, with summary results for each question, 
is presented in Appendix H. 
Table 5.3 Phase 2 Post-Interview Questionnaire Structure 
Section Variable(s) Assessed 
Item Numbers in 
UMDES Version 
Item 
Numbers in  
Non-UMDES 
Version 
1. Testing of dioxins in soil, 
dust, and blood 
Receiver Characteristics/ 
Information Received 1-3 1-3 
2. Information received about 
dioxins Information Received 4-5 4 
3. Judgments of dioxin levels 
in soil, dust, and blood 
Receiver Characteristics/ 
Information Received 6-11 5-10 
4. Risk judgments about 
dioxins a Risk Judgments 12-19 11-18 
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5. Satisfaction with 
information about dioxins a Receiver Satisfaction 20-31 19-30 
6. Feelings about industry and 
government Receiver Characteristics 32-38 31-37 
7. Subjective numeracy scale Receiver Characteristics 39-46 38-45 
8. Demographics Receiver Characteristics 47-54 46-53 
 Total (n) 54 53 
a Addition to the CPOD study for the present research. 
 
The first three sections dealt with UMDES-related receiver characteristics and 
information received.  They asked participants (1) whether they had ever received 
blood/dust/soil testing results, (2) whether they recalled receiving the 2006 UMDES 
results brochure and how much they followed news about dioxins in their community, 
and (3) to provide their own subjective assessments of their blood/dust/soil levels in 
relation to average concentrations in Michigan and nationwide (below average, about 
average, above average).   
The next two sections dealt with risk judgments and satisfaction.  Section 4 asked 
participants to rate their level of concern about exposure and risk from dioxins to 
themselves, their families, and their community, and questions about whether they had a 
clear feeling about these risks.  Section 5 asked participants’ opinions about the 
information they had received about dioxins, including whether they were satisfied with 
the information, whether they felt well-informed, whether they had gotten enough 
information about dioxins, and how accurate, confusing, or biased they believed the 
information to be.   
The remaining sections dealt with additional receiver characteristics.  Section 6 
asked about participants’ feelings about government and industry, using questions 
adapted from three existing surveys regarding industrial accidents (Johnson & Chess 
2003, n=3) and attitudes toward government (National Public Radio et al. 2007, n=4).  
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The final two sections (7 and 8) included a validated 8-item Subjective Numeracy Scale 
(Fagerlin et al. 2007) and questions about participant demographics (age, gender, 
race/ethnicity, education, tenure in current home, children, previous work at a chemical 
company).   
5.2.4 Phase 2 Interview Coding 
Interviews were audio-recorded and later transcribed verbatim by the CPOD 
interviewer.  One interview was not audio-recorded at the participant’s request; the study 
used detailed notes taken by the interviewer in place of a verbatim transcript.  
Four members of the CPOD study team then examined each transcript sentence-
by-sentence and coded each sentence for nodes and connections from the expert model, 
as well as for other topics discussed.  The team assigned codes using a coding model 
based on the expert model, adding new nodes and connections where needed to represent 
lay misconceptions that did not appear in the expert model.  For example, the team 
created new nodes for dioxin concentration in drinking water (a misconception, since 
experts told us dioxins were not soluble in water), for dermal exposure (also a 
misconception, since experts told us dermal exposure was possible, but unlikely to be 
significant for the population in Midland/Saginaw) and for “other sources” of dioxins 
(sources not identified by the experts we interviewed).  The team also added nodes to 
represent concepts that were needed to represent lay models but had not been needed for 
expert models, such as the more general concept of exposure from “the environment” 
(without specifying a source) and the more general concept of “intake” (without 
specifying a route).  The team also added more abstract nodes to represent other concepts 
mentioned by participants as affecting exposure such as “distance” (e.g., from emissions 
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sources) and “mitigation strategies.”  Additional codes, referred to as “flags,” were used 
to mark portions of the interview where sources of information, risk judgments, and other 
non-mental-model-related topics were discussed. 
Four CPOD study team members were responsible for coding, with two of these 
designated as primary coders and two as secondary.  To achieve consistency, all four 
coders met together as a group to code the first three Midland/Saginaw UMDES 
interviews.  Input from other CPOD study team members was sought to resolve disputes, 
and the coding model was revised accordingly.  Each subsequent interview was coded 
separately by a primary and a secondary coder, who then met to discuss and resolve any 
discrepancies.  The two primary coders also met periodically to discuss the application of 
codes in order to maintain consistency, and sought input from the CPOD primary 
investigator to address any questions as they arose. 
5.3 Phase 2 Findings Informing Phase 3 
I analyzed Phase 2 interview sections regarding risk judgments, as well as post-
interview questionnaire questions regarding risk judgments and satisfaction, to assist with 
the development of survey questions in Phase 3.  Findings regarding these topics, as well 
as a summary of characteristics of Phase 2 participants, are summarized below. 
5.3.1 Phase 2 Participants 
A total of 50 people (30 male, 20 female) completed Phase 2 interviews and post-




Table 5.4 Selected Characteristics of Phase 2 Participants 
Characteristic 
Participants  
[n (%)] a 
Previous UMDES participation  
 Midland/Saginaw UMDES participants 26 (52%) 
 Midland/Saginaw non-UMDES participants 8 (16%) 
 Jackson/Calhoun UMDES participants b 16 (32%) 
Sex  
 Male 30 (60%) 
 Female 20 (40%) 
Race  
 White 49 (98%) 
 Other 1 (2%) 
Age  
 <40 1 (2%) 
 40-49 8 (16%) 
 50-59 13 (26%) 
 60-69 13 (26%) 
 70-79 10 (20%) 
 ≥80 5 (10%) 
Education  
 Some high school, high school diploma or equivalent 13 (26%) 
 Some college, associates degree, or professional training 16 (32%) 
 Bachelor’s degree 9 (18%) 
 Master’s degree, professional school degree, or doctoral degree 12 (24%) 
Subjective Numeracy Score c  
 1-1.99 0 (0%) 
 2-2.99 5 (10%) 
 3-3.99 16 (32%) 
 4-4.99 21 (42%) 
 5 6 (12%) 
Children d  
 Children, one or more ≤ 18 years old 10 (20%) 
 Children, all > 18 years old 33 (66%) 
 No children 7 (14%) 
Chemical company employment  
 Ever worked for a chemical company 9 (18%) 
 Never worked for a chemical company 41 (82%) 
a Numbers may not sum to 100% due to rounding and non-responses. 
b Addition to the CPOD study for the present research. 
c Eight-item validated scale, range 0-5 (Fagerlin et al. 2007). 
d Whether participant has any children, regardless of whether the children live at home. 
 
The average age of Phase 2 participants was 62.3 years old (range 37 - 90).  
Ninety-eight percent were white, consistent with census demographics for Midland 
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County (94.5% white, U.S. Census Bureau, 2010).  This is slightly less representative of 
individuals from Saginaw, Jackson, and Calhoun counties (74.6%, 87.7%, 82.2% white, 
respectively, U.S. Census Bureau, 2010), but comparable to the demographics of 
UMDES subpopulations (89.5-99.7% white, Hedgeman et al. 2009). 
5.3.2 Phase 2 Interview Findings Informing Phase 3 
I analyzed Phase 2 interview sections regarding risk judgments to assess the 
magnitude and characteristics of the risk judgments reported by participants, as well as 
the ease of making these judgments.  I did this to determine the best approach to 
questions about risk judgments in the Phase 3 survey. 
In interviews, a large majority of participants judged their personal risk from 
dioxins to be low.  Reasons given included that they had received low results (e.g., “It’s 
negligible; they can’t [measure] down to my level. [Laughs and points to results letter.]  
It’s negligible.”), that they been individually alerted to a problem (e.g., “I don’t think it’s 
anything for me to be concerned about.  And I think if it was that somebody would have 
said you need to see your doctor….”), or that they had an absence of perceived risk 
factors such as being far from industry or contaminated areas or otherwise healthy.  Only 
six (out of fifty) thought their risk was high.  Reasons given for this belief included that 
they had received high results (e.g., “…all I know is that my blood level is really, really 
high”) or had perceived risk factors such as diet or smoking (e.g., “I think it’s probably 
pretty high, because, personally, you know me being in that water, I’m a smoker, I work 
in the dirt, although I try to exercise, I don’t drink enough water…).     
Many participants weren’t sure about their risk, but appeared to be trying to base 
their judgments on exposure results.  Reasons given for being uncertain included that 
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they didn’t understand their results (e.g., “I have no idea and I’d like to know – in plain 
English and not some scientific term that [leaves me] going, ‘huh?’”) or that they hadn’t 
received results (e.g., “I have no clue…  [My levels] have never been measured; I don’t 
know how I would compare with someone else my age…”). 
Participants’ responses regarding the difficulty of making risk judgments suggest 
that they wished to use exposure information in making these judgments, and that 
difficulty of judgment may be closely related to confidence in the resulting judgment.  
Most Phase 2 participants said it was easy to judge their risk from dioxins.  Some people 
inferred their risk directly from exposure results (e.g., “I have it right here [in my results 
letter]”).  However, others thought it was easy to judge because of “ignorance” (e.g.,  
“…there’s no way to know.  …I think it’s very easy”), suggesting that it was easy to 
make a guess, but that they felt they had very little information to assist them.  This 
suggested that measuring the degree of confidence participants had in their resulting 
judgments could be useful, something which was considered for addition to the 
questionnaire in Phase 3.  Other participants found it more difficult, either analytically 
(e.g., “I think it’s hard.  I don’t think we know enough”) or affectively (e.g., “It’s hard in 
a sense because you don’t want to…acknowledge [it], but you know in reality, you know 
it’s there…  So you know it’s hard but in the same sense it’s easy”). 
5.3.3 Phase 2 Questionnaire Findings Informing Phase 3 
The Phase 2 sample size (n=50) and the nature of the post-interview questionnaire 
as a pilot test for Phase 3 limited quantitative analysis of post-interview questionnaire 
data.  First, I examined histograms of responses to each question for trends that could 
indicate defects in question design (e.g., lack of variation in responses).  Then, I assessed 
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several qualitative relationships between variables of interest to examine whether 
preliminary results were supportive of the hypothesis to be investigated in Phase 3. 
I examined three questionnaire items in particular to explore the relationship 
between satisfaction and the ability to make risk judgments or the outcome of these 
judgments: (1) “I am satisfied with the information I have received about dioxins 
(1=Disagree, 5=Agree) (receiver satisfaction), (2) “I have a clear feeling about the risks 
that dioxins pose to my personal health and my family’s health” (risk judgment process), 
and (3) “How concerned are you about the risk to your personal health, and to your 
family’s health from dioxins?” (risk judgment outcome).  The second question was 
intended to measure the affective difficulty of judging health risk from dioxins.  
However, the CPOD interviewer received many questions from participants completing 
the questionnaire as to the intended meaning of “a clear feeling.”  As a result, this 
question was not used again in the larger-sample Phase 3 questionnaire.  Despite these 
difficulties, having “a clear feeling” about the risk to one’s health and one’s family’s 
health from dioxins was positively related to being satisfied with the information 
provided (see Figure 5.1).   In contrast, being concerned about the risk was not clearly 





Figure 5.1 Average Satisfaction vs. Clarity of Feeling About Risk in Phase 2 Post-Interview 
Questionnaires (n=50) 
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These findings were supportive of the primary hypothesis, that being able to judge 
health risk contributes to satisfaction, and were not supportive of the alternative 
hypothesis that satisfaction is determined by the outcome of the risk judgment. 
See Appendix H for aggregated responses to the Phase 2 post-interview 
questionnaire. 
5.4 Phase 3 Mailed Survey Methods 
CPOD Phase 3, the primary data collection phase for the present research, 
involved developing a self-administered survey instrument mailed to much larger 
samples of the populations of interest.  The goal of CPOD Phase 3 was to assess the 
frequency of gaps and misperceptions in lay mental models, and, as an addition for the 
present research, to gather quantitative data to analyze relationships between satisfaction, 
risk judgments, and mental models variables. 
5.4.1 Phase 3 Questionnaire Design 
The Phase 3 questionnaire consisted of approximately 100 questions divided into 
nine sections (see Table 5.5 and Appendices J and K).   
Table 5.5 Phase 3 Questionnaire Structure 
Section Variable(s) Assessed 








1. Satisfaction with 
information received or 




2. Risk judgments about 




3. Feelings about industry and 
government 
Receiver 
Characteristics 14-24 14-24 
4. True/false questions about 
dioxins Mental Models 25-70 25-60 
b 
5. True/false beliefs about 
dioxins Mental Models 71-82 61-72 
6. Beliefs about current and 
past sources of exposure Mental Models 83-90 73-80 
7. Subjective numeracy scale Receiver Characteristics 91-98 81-88 
8. Information received about 
dioxins Information Received 99-102 89-92 
9. Demographics Receiver Characteristics 103-110 93-100 
 Total (n) 110 100 
a Addition to the CPOD study for the present research. 
b Questions regarding local contamination (n=10) were omitted and the phrasing of some 
questions was changed. 
 
Questions regarding satisfaction with information received about dioxins and risk 
judgments about dioxins were added to the CPOD Phase 3 survey for the present 
research.  The CPOD study team placed these questions in the first two sections to avoid 
biasing results based on remaining survey content.  The two sections presented questions 
regarding the primary dependent variable (satisfaction) first, and the primary independent 
variable (risk judgments) second, to avoid biasing satisfaction questions based on the 
answers to risk judgment questions.  The first question included skip logic to filter out 
those participants who were very unfamiliar with dioxins, by asking them to skip the first 
two sections if they had never heard of dioxins before.   
I created the questions regarding satisfaction with information (n=4) by 
identifying and adapting questions from a similar set used in the Phase 2 post-interview 
questionnaire (n=12) based on responses gathered in Phase 2.  I included those questions 
that seemed to have the highest variation in responses and the simplest phrasing, with 
modifications to the response scale to provide a larger spectrum of choices and force 
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choices to be binary in nature.  To provide greater discrimination, I changed the response 
scale from a five-point Likert scale with the endpoints “Disagree” and “Agree” used in 
Phase 2 to the four-point Likert scale “Strongly Disagree,” “Disagree,” “Agree,” and 
“Strongly Agree” for Phase 3.  
I adapted questions regarding risk judgments from both the Phase 2 interview 
guide (n=2, regarding risk judgments and the ease of making this judgment) and the 
Phase 2 post-interview questionnaire regarding level of concern about the effects of 
dioxins (n=5 adapted and simplified from the larger set of n=6 post-interview 
questionnaire items).  I also added a new question about the confidence in risk judgment 
based on the variation of responses seen in Phase 2 interviews. 
The next section included questions about industry and government adapted from 
those appearing on the Phase 2 post-interview questionnaire regarding industrial 
accidents (Johnson & Chess 2003, n=1) and attitudes toward government (National 
Public Radio et al. 2007, n=3).  Also included were questions adapted from an existing 
questionnaire regarding worldviews and environmental concerns (Peters & Slovic 1996, 
n=6). 
The next three sections focused on mental models of dioxin exposure and health 
risks and made up the majority of the questionnaire.  The first two of these sections 
consisted of statements about dioxins that participants were asked to rate as true or false, 
and also to rate their confidence in their response.  The first of these sections consisted of 
statements that were objectively true or false, based on the expert model created in Phase 
1 and other available information about dioxins, while the second section consisted of 
items that were less objectively certain.  The third section asked about participants’ 
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specific beliefs about the significance of various routes of exposure to dioxins.  The 
beginning of the survey asked participants to avoid referring to other sources of 
information for help with any questions, and the end of the survey asked them whether 
they had looked up information from any source in answering the questions.  An alternate 
version of the survey for Jackson/Calhoun participants (see Appendix K) omitted 
questions about local contamination (n=10) and modified the wording of questions about 
Dow and the Tittabawassee River to instead ask generically about industrial sources and 
rivers and streams in contaminated areas (n=6). 
The final three sections consisted of information about receiver characteristics and 
information received.  The same subjective numeracy scale (Fagerlin et al. 2007) used in 
Phase 2 was presented, followed by questions about receipt of the UMDES 2006 and 
2011 brochures, UMDES participation, and the question about looking up information 
from other sources described above.  Finally, the questionnaire concluded with slightly 
modified versions of the same demographic questions used in Phase 2 post-interview 
questionnaires. 
The Phase 3 questionnaire was pilot-tested by a CPOD study team member with 
two non-residents of Midland/Saginaw who were not study team members but who had 
heard of dioxins through presentations about the UMDES and/or CPOD studies. 
5.4.2 Phase 3 Participant Recruitment 
CPOD staff recruited participants were recruited from the same three populations 
as in Phase 2: (1) former University of Michigan Dioxin Exposure Study (UMDES) 
participants from Midland/Saginaw counties, (2) non-UMDES participants from 
Midland/Saginaw counties, and (3), as an addition to the CPOD study for the present 
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research, former UMDES participants from the control group in Jackson/Calhoun 
counties.  Except for those who had participated in Phase 2 interviews (n=50), all 
UMDES participants from Midland/Saginaw (n=913) and Jackson/Calhoun (n=326) were 
included in the sample. CPOD staff drew an additional sample of 1,000 non-UMDES 
participants from an unused sampling line developed for the UMDES.  These participants 
lived in exactly the same neighborhoods as UMDES participants but had not been 
approached to participate in the UMDES study.  The sampling line included addresses 
but not names or phone numbers, so these were gathered through publicly available 
database.  The CPOD study team chose a sample size of 1,000 for this group to achieve 
roughly the same number of completed surveys from Midland/Saginaw UMDES and 
non-UMDES participants, anticipating a slightly lower response rate from non-UMDES 
participants than from UMDES participants. 
CPOD staff mailed a postcard to each member of the sample, stating that they 
would receive a mailed survey within two to three weeks, and instructing them to call if 
they had any questions or to check a box and return a portion of the postcard if they did 
not want to participate.  CPOD staff then mailed surveys to all sample members except 
those who indicated by mail or telephone that they did not wish to participate and those 
whose postcards had been returned as undeliverable.  Each survey included a $5 cash 
incentive, and solicitation letters explained that participants would receive a $10 VISA® 




Table 5.6 Mailings and Enrollment in Phase 3 



















913 0 163 71 17 1 c 440 60.11% 
Postcard 
Mailing 913 -- 111 53 5 -- -- -- 
Survey  
Mailing 1 744 -- 37 6 8 -- 334 -- 
Telephone 
Calls 323 -- 8 11 3 -- 38 
d -- 
Survey  




1000 8 e 97 132 22 4 f 464 52.43% 
Postcard 
Mailing 1000 -- 68 95 9 -- -- -- 
Survey  
Mailing 1 828 -- 21 7 4 -- 301 -- 
Telephone 
Calls 464 -- 3 26 9 -- 90 
d -- 
Survey  




326 0 69 23 9 1 g 132 53.44% 
Postcard 
Mailing 326 -- 34 15 1 -- -- -- 
Survey  
Mailing 1 276 -- 26 5 2 -- 92 -- 
Telephone 
Calls 147 -- 3 2 6 -- 18 
d -- 
Survey  
Mailing 2 118 -- 6 1 0 -- 20 -- 
Totals 2239 8 329 226 48 6 1036 55.58% 
a Deceased or unable to complete due to illness. 
b Response Rate = Total Completed / (Total Mailed + Total Added – Total Undeliverable – Total 
Unavailable – Total Excluded)  
c Reported age under 18. 
d Completed surveys between the time of the phone calls and the time of the second mailing. 
e Added after receiving surveys on behalf of former UMDES participants who were deceased 
(n=3), in long-term care facilities (n=2), or moved with no forwarding address (n=3). 
f Participants who were duplicative of UMDES participants. 




5.4.3 Phase 3 Survey Data Entry and Analysis 
CPOD staff outsourced data entry of completed surveys, identified only by study 
identification number, to a local company.  This company entered each survey twice 
using software that requires the second entry to be identical to the first.  CPOD staff then 
checked the resulting minimum and maximum values for each variable, corrected any 
errors found, and prepared the data file received for analysis using the statistical software 
package STATA.  All analyses reported in this dissertation were performed in STATA 
11.2 (StataCorp 2012). 
5.4.4 Phase 3 Participants 
Characteristics of the full set of Phase 3 participants are described below.  A total 
of 1,036 people completed and returned usable Phase 3 questionnaires.  This total 
consisted of about 45% each Midland/Saginaw UMDES and Non-UMDES participants, 
and about 10% Jackson/Calhoun UMDES participants (see Table 5.7).  Jackson/Calhoun 
residents were not further stratified by region, but Midland/Saginaw residents were 
stratified into two groups: those living in or near the flood plain (as defined in the 
UMDES study sample lines) and those living elsewhere in Midland/Saginaw.  Flood 
plain residents were slightly more numerous among Midland/Saginaw UMDES 




Table 5.7 Stratification of Phase 3 Participants 
 Region Participants 
UMDES Participation 
Flood Plain or 
Near Flood Plain 
Other 
Midland/Saginaw 
[n (% of 
total)] 
Midland/Saginaw UMDES 
Participants 285 (64.77%) 155 (35.23%) 440 (42.47%) 
Midland/Saginaw Non-
UMDES Participants 253 (54.53%) 211 (45.47%) 464 (44.79%) 
Jackson/Calhoun UMDES 
Participants a Not stratified by region 132 (12.74%) 
Total 1036 
a Addition to the CPOD study for the present research. 
 
Phase 3 participants were more likely to be female than male (about 53% versus 
47%), and were about 93% white, consistent with expected demographics as previously 
discussed.  Participants had an average age of 58.3 years (range 20 to over 90).   See 
Table 5.8 for a summary of characteristics of Phase 3 participants. 
Table 5.8 Selected Characteristics of Phase 3 Participants 
Characteristic 
Participants  
[n (%)] a 
Previous UMDES participation  
 Midland/Saginaw UMDES participants 440 (42.47%) 
 Midland/Saginaw non-UMDES participants 464 (44.79%) 
 Jackson/Calhoun UMDES participants b 132 (12.74%) 
Sex  
 Male 474 (46.79%) 
 Female 539 (53.21%) 
Ethnicity  
 Hispanic 27 (2.81%) 
Race  
 White 941 (92.98%) 
 Black or African American 58 (5.73%) 
 American Indian or Alaska Native 14 (1.38%) 
 Asian 3 (0.30%) 
Age  
 20-29 34 (3.37%) 
 30-39 61 (6.05%) 
 40-49 170 (16.85%) 
 50-59 269 (26.66%) 
 60-69 251 (24.88%) 
 70-79 146 (14.47%) 
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 ≥80 78 (7.53%) 
Education  
 Some high school, high school diploma, or equivalent 295 (30.26%) 
 Some college, associates degree, or professional training 348 (35.69%) 
 Bachelor’s degree 208 (21.33%) 
 Master’s degree, professional degree, or doctoral degree 124 (12.72%) 
Subjective Numeracy Score c  
 1-1.99 25 (2.42%) 
 2-2.99 69 (6.69%) 
 3-3.99 178 (17.25%) 
 4-4.99 317 (30.72%) 
 5-5.99 366 (35.47%) 
 6 77 (7.46%) 
Tenure in Current Home  
 Less than five years 118 (11.39%) 
 6-15 years 296 (29.25%) 
 16+ years 598 (59.09%) 
Children d  
 One or more children ≤ 18 years old 222 (21.43%) 
 All children > 18 years old 559 (53.96%) 
Chemical company employment  
 Ever worked for a chemical company 174 (16.79%) 
 Type of chemical company employment e  
  Production 63 (36.2%) 
  Maintenance/repair/contractor 52 (29.9%) 
  Office or administrative support 34 (19.5%) 
  Professional 28 (16.1%) 
  Transportation 13 (7.5%) 
  Sales 10 (5.7%) 
  Management 10 (5.7%) 
a Numbers may not sum to 100% due to rounding and non-responses. 
b Addition to the CPOD study for the present research. 
c Eight-item validated scale, range 0-5 (Fagerlin et al. 2007). 
d Whether participant has any children, regardless of whether the children live at home. 
e Numbers will not sum to 100%; participants were instructed to “check all that apply.” 
 
5.5 Conclusion 
I used data from the in-depth mental models interviews conducted as part of 
Phases 1 and 2 of the CPOD study to develop targeted questions regarding risk 
judgments, mental models, and satisfaction with information for the Phase 3 mailed 
survey, the primary data source for the present research.  Specifically, findings regarding 
risk judgments in Phase 2 interviews suggested that receivers wished to use exposure 
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information in making these judgments, and that the difficulty of making these judgments 
may be closely related to confidence in the resulting judgment.  As a result, I added a 
question regarding confidence in judgment to the Phase 3 survey.  Findings regarding risk 
judgments and receiver satisfaction in Phase 2 post-interview questionnaires also 
supported the primary hypothesis that being able to judge health risk contributes to 
satisfaction, and these interviews did not provide support to the alternative hypothesis 
that satisfaction is determined by the outcome of the risk judgment.   
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Results Regarding Risk Judgments 
This chapter presents results from analyses of Phase 3 mailed survey data 
regarding risk judgments.  More specifically, this chapter examines the impact of 
information received and receiver characteristics on the risk judgment process and risk 
judgment outcomes. 
6.1 Specific Aims Addressed in this Chapter 
This chapter describes analyses regarding specific aims 1, 1a, and 1b, listed in 
Table 6.1 below. 




To assess judgments about resulting personal/family or community health risks, and 
perceived difficulty in making these judgments, among residents exposed to 
messages about dioxins (participants and non-participants in an exposure study). 
1a. To investigate whether health risk judgments, and/or perceived difficulty in making these judgments, vary with the communications residents have received. 




6.2 Risk Judgment Variables 
Four risk judgment variables were assessed: ease of judging the health risk, 
confidence in judging the risk, judgment of the magnitude of the risk, and a scale 
regarding concern about the risk.   
Each of these variables was assessed by a single survey item, with the exception 
of the scale regarding concern about the risk.  This scale was constructed from a series 
five items regarding concern about risks from dioxins.  As expected, these five items 
were highly correlated (see Table 6.2 and Table 6.3).  A scale of these five items was 
created (range 1-5; Cronbach’s alpha = 0.9406), with higher numbers on the scale 
indicating greater concern about risks from dioxins.   
Table 6.2 Scale of Five Items Regarding Concern about Risk 








9. How concerned are you about the 
threat to your health from dioxins? 956 0.9110 0.8602 0.9232 
10. How concerned are you about the 
threat to your family’s health from 
dioxins? 
955 0.9256 0.804 0.9192 
11. How concerned are you about any 
economic effects dioxins may have 
on you and your family? 
955 0.8600 0.7773 0.9384 
12. How concerned are you about the 
effects on your community from 
dioxins? 
957 0.8845 0.8194 0.9305 
13. Overall, how concerned are you 
about your own exposure and your 
family’s exposure to dioxins? 
957 0.9162 0.8630 0.9223 
 Overall Cronbach’s Alpha for 
Five-Item Concern Scale 0.9406 
a Answers were given on a five-point Likert scale with anchors “Not at all concerned” (1) and 





Table 6.3 Inter-Item Correlations in Five-Item Concern Scale 
 Item 9 Item 10 Item 11 Item 12 Item 13 
Item 9 1.00     
Item 10 0.89 1.00    
Item 11 0.68 0.70 1.00   
Item 12 0.72 0.74 0.78 1.00  
Item 13 0.82 0.84 0.71 0.76 1.00 
Scale: n=958, Mean=3.43, SD=1.07, Min=1, Max=5, Cronbach’s alpha=0.94 
 
The remaining three risk judgment variables were assessed by the three survey 
items listed in Table 6.4 below. 
Table 6.4 Survey Items Used to Assess the Risk Judgment Variables Judgment of Risk, Ease 
of Judgment, and Confidence in Judgment 
Variable Survey Item Anchors a 
Judgment of 
Risk 
6. How big of a threat do you believe dioxins 
are to your health? 
“No threat at all” to 
“Extremely large threat” 
Ease of 
Judgment 
7. How easy or difficult is it for you to judge 
how big of a threat dioxins are to your 
health? 




8. How confident do you feel that you know 
how big of a threat dioxins are to your 
health? 
“Not at all confident” to 
“Extremely confident” 
a Answers were given on five-point Likert scales with unlabeled midpoints. 
 
Some of the four risk judgment variables (ease of judgment, confidence in 
judgment, judgment of risk, and concern about risk) were correlated with each other.  As 
expected, ease of judgment was correlated with confidence in judgment, and judgment of 
risk was correlated with concern about risk.  In addition, ease of judgment was slightly 





Table 6.5 Inter-Item Correlations Between Risk Judgment Variables 








Ease of Judgment 1.00    
Confidence in Judgment 0.51 1.00   
Judgment of Risk -0.22 -0.01 1.00  
Concern About Risk -0.24 -0.07 0.75 1.00 
 
 
Descriptive results of the four risk judgment variables are shown in Table 6.6 
below. 































F-statistic 3.25, p=.04; 











F-statistic 4.44, p=.01;  











F-statistic 3.96, p=.02;  











F-statistic 4.60, p=.01;  
Chi-squared 0.74, p=.69 
M/S = Midland/Saginaw, J/C = Jackson/Calhoun 
6.2.1 Ease of Judgment 
Respondents provided a mean rating of the ease of judging health risk of 2.58 out 
of 5 (Standard Deviation 1.10), slightly below the midpoint on the five-point Likert scale 
with anchors “Extremely easy” and “Extremely difficult.”  Differences in ratings between 
UMDES participant groups were statistically significant (2.53 for non-UMDES 
Midland/Saginaw, 2.67 for UMDES Midland/Saginaw, and 2.41 for UMDES 
Jackson/Calhoun, F-statistic 3.25, p=.04).  Ease of judgment was lowest among UMDES 
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participants in Jackson/Calhoun, who had presumably attended to much less information 
about dioxins than those in Midland/Saginaw.  Ease of judgment was highest among 
Midland/Saginaw UMDES participants, who had presumably attended to more 
information regarding dioxins than non-participants. 
6.2.2 Confidence in Judgment 
Respondents provided a mean rating of their confidence in judging the risk of 
2.68 out of 5 (Standard Deviation 1.21), slightly below the midpoint on the five-point 
Likert scale with anchors “Not at all confident” and “Extremely confident.”  Differences 
in ratings between UMDES participant groups were statistically significant (2.66 for non-
UMDES Midland/Saginaw, 2.77 for UMDES Midland/Saginaw, and 2.39 for UMDES 
Jackson/Calhoun, F-statistic 4.44, p=.01).  Confidence in judgment was lowest among 
UMDES participants in Jackson/Calhoun, who had presumably attended to much less 
information about dioxins than those in Midland/Saginaw.  Confidence in judgment was 
highest among Midland/Saginaw UMDES participants, who had presumably attended to 
more information regarding dioxins than non-participants. 
6.2.3 Judgment of Risk 
Respondents provided a mean judgment of the magnitude of the risk of 3.28 out 
of 5 (Standard Deviation 1.04), slightly above the midpoint on the five-point Likert scale 
with anchors “No threat at all” and “Extremely large threat.”  Differences in ratings 
between UMDES participant groups were statistically significant (3.38 for non-UMDES 
Midland/Saginaw, 3.18 for UMDES Midland/Saginaw, and 3.32 for UMDES 
Jackson/Calhoun, F-statistic 3.96, p=.02).  Judgment of risk was unexpectedly higher 
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among UMDES participants in Jackson/Calhoun, where no point source contamination 
had been identified, than in Midland/Saginaw where the Dow Chemical plant had been 
identified as a source of elevated levels of dioxins.  
6.2.4 Concern about Risk 
Respondents provided a mean rating of 3.43 (Standard Deviation 1.21), slightly 
above the midpoint on the five-point Likert scale with anchors “Not at all concerned” and 
“Extremely concerned.”  Again, significant differences existed between UMDES groups 
(3.53 for non-UMDES Midland/Saginaw, 3.32 for UMDES Midland/Saginaw, and 3.47 
for UMDES Jackson/Calhoun, F-statistic 4.60, p=.01).  Non-UMDES Midland/Saginaw 
participants were most concerned, followed by UMDES Jackson/Calhoun participants, 
then UMDES Midland/Saginaw participants. 
6.3 Regression Analyses 
The effects of Receiver Characteristics and Information Received variables on 
Risk Judgments were assessed using regression techniques.  Ordered logistic regression 
was used for the three single-item variables (ease of judgment, confidence in judgment, 
and judgment of risk), which were ordinal, to eliminate the need for assumptions about 
equal distances between points on the Likert scales.  Linear regression was used for the 
scale of concern about risk, as the overall scale did not have discrete points.  Results are 




Table 6.7 Ordered Logistic Regressions of Ease of Judgment and Confidence in Judgment 
by Receiver Characteristics and Information Received 
 Ease of Judgment Confidence in Judgment 
 








Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.060 0.187 -0.051 0.252 
Female Gender -0.119 0.369 -0.088 0.502 
Minority Status -0.261 0.301 0.026 0.917 
Numeracy 0.029 0.670 0.019 0.778 
Education 0.008 0.913 -0.060 0.395 
Having a Child -0.079 0.607 0.066 0.664 
Mistrust -0.631 <0.001** -0.394 0.001** 
Working for a Chemical Co. 0.335 0.048* 0.287 0.089 
Floodplain Resident -0.108 0.436 -0.060 0.663 
Jackson/Calhoun Resident -0.215 0.346 -0.302 0.184 
Information Received     
Familiarity with Dioxins 0.482 0.001** 1.048 <0.001** 
UMDES Participation 0.194 0.201 0.070 0.642 
UMDES Brochures 0.085 0.560 0.170 0.242 
Looking up Information -0.108 0.733 0.190 0.543 
Constant -- -- -- -- 
*Significant (p<.05) 






Table 6.8 Ordered Logistic and Linear Regressions of Judgment of Risk and Concern about 
Risk by Receiver Characteristics and Information Received 
 Judgment of Risk Concern about Risk 
 








Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.151 0.001** -0.080 <0.001** 
Female Gender 0.127 0.350 0.133 0.040* 
Minority Status 0.593 0.023* 0.261 0.023* 
Numeracy 0.020 0.778 -0.068 0.039* 
Education -0.007 0.925 -0.009 0.801 
Having a Child -0.086 0.590 0.014 0.857 
Mistrust 1.811 <0.001** 0.914 <0.001** 
Working for a Chemical Co. -0.190 0.288 -0.111 0.190 
Floodplain Resident 0.048 0.741 0.024 0.729 
Jackson/Calhoun Resident -0.160 0.496 -0.079 0.486 
Information Received     
Familiarity with Dioxins 0.184 0.205 0.007 0.915 
UMDES Participation -0.206 0.192 -0.217 0.004* 
UMDES Brochures -0.290 0.055 -0.011 0.878 
Looking up Information 0.187 0.556 0.161 0.299 
Constant -- -- 1.072 0.001** 
*Significant (p<.05) 
**Highly significant (p≤.001) 





6.4 Summary and Discussion of Effects on Risk Judgments 
Findings are consistent with Aim 1.  Regression analyses showed that risk 
judgments were influenced by both receiver characteristics (Aim 1a) and information 
received variables (Aim 1b), as described below. 
6.4.1 Effects of Receiver Characteristics on Risk Judgments 
6.4.1.1 Age 
Age was a highly significant predictor of judgment of risk and concern about risk 
(p≤.001).  People who were older judged the risk to be smaller and were less concerned.  
This is consistent with some of the qualitative interview data from Phase 2, in which 
some older participants seemed to base their judgments of risk on their own health 
experiences.  Some older interview participants took their present good health, despite 
decades of presumed exposure to dioxins, to be a sign of low risk posed by dioxins.  
Other interview participants, presently in poor health, did not attribute their illnesses to 
dioxin exposure and similarly judged a low risk from dioxins.  Age was not a significant 
predictor of ease of judging the risk or confidence in judgment of the risk. 
6.4.1.2 Gender and Minority Status 
As expected, female gender and minority status (i.e., non-white race) predicted 
greater concern about risk from dioxins.   This is consistent with research showing a 
“white male effect” on risk judgments (Finucane et al. 2000), in which females and 
members of minority groups generally judge risks to be higher than white males.  This 
effect has been explained by differences in cultural worldviews and trust, rather than any 
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differences in biology (Flynn et al. 1994; Finucane et al. 2000; Kahan et al. 2007).  In the 
present research, the effect of minority status was much stronger than the effect of 
gender, and predicted both judgment of higher risk and greater concern about risk.  The 
fact that female gender predicted greater concern about risk, but did not significantly 
predict judgment of greater risk, suggests that the effect of female gender in this case 
could be related to affective processing of information, in which the risk is not judged 
analytically to be greater, but concern (an affective state) is increased. 
Some evidence was found for potential mediation of both gender and minority 
status by mental models variables.  When mental models variables were added to 
regressions of judgment of risk and concern about risk, gender and minority status 
became non-significant (p>.05).  This suggests that, in addition to trust and worldviews, 
mental models could also play a role in the “white male effect.”  Further investigation 
could clarify this relationship.  Gender and minority status did not significantly predict 
ease of judging the risk or confidence in judging the risk. 
6.4.1.3 Mistrust of Government and Industry 
Mistrust of government and industry was a highly significant predictor of all risk 
judgment variables, including judgment of risk, concern about risk, ease of judgment, and 
confidence in judgment (p≤.001).  As expected, greater mistrust predicted judgment of 
higher risk and greater concern about risk.  As mentioned above, the effect of trust and 
worldviews on judgment of risk or concern about risk has been well-documented in the 
research literature (Slovic 1993; Flynn et al. 1994; Finucane et al. 2000).  However, the 
finding that greater mistrust predicted greater difficulty in judging risk and less 
confidence in risk judgment is new.  This finding suggests that receivers in settings such 
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as this one may find it difficult to obtain trusted sources of information to assist in 
making risk judgments.  For receivers who find it difficult to judge the risk, additional 
communications from government or industry sources may not be perceived as useful or 
helpful in these settings. 
6.4.1.4 Education and Numeracy 
Interestingly, education and numeracy did not significantly predict ease of 
judgment, confidence in judgment, or judgment of risk.  While greater numeracy or 
greater education might be expected to predict greater ease or confidence in judgment 
about some risks, in the case of dioxins experts believe the health risks are still uncertain.  
It is possible that more educated or more numerate participants might be expected to use 
a more analytical or expert-like process in attempting to judge the risk, and find it 
difficult to do so since available risk information is limited and uncertain.  Alternatively, 
more educated or more numerate participants might use the same process as other 
laypeople of translating hazard and exposure information directly into risk information, 
and find it easier to do so because of a greater facility with the information.   
Numeracy, but not education, was a significant predictor of concern about risk, 
with higher numeracy predicting less concern about the risk.  It is unclear why this is so, 
but it is possible that higher numeracy could predict better understanding of the results of 




6.4.1.5 Working for a Chemical Company 
Working for a chemical company was a significant predictor of greater ease of 
judging the risk from dioxins, but was not a significant predictor of greater confidence in 
judging the risk.  It is unclear whether these effects would be appropriately attributed to a 
greater expertise or knowledge about chemicals generally; an additional, and likely 
trusted, source of information in the form of an employer; or merely a greater interest in 
the topic, which could have led to greater attention to available information or additional 
information-seeking behaviors.  Working for a chemical company was not a significant 
predictor of judgment of the risk or concern about the risk. 
6.4.1.6 Location of Residence 
Unexpectedly, residing near areas known to be contaminated with dioxins (i.e., in 
the Tittabawassee River floodplain), or residing far from areas known to be contaminated 
(i.e., in Jackson/Calhoun) were not significant predictors of judgment of risk from 
dioxins, concern about risk from dioxins, ease of judging risk from dioxins, or confidence 
in judging risk from dioxins.  It is possible that effects of location of residence on risk 
judgments were fully explained by information received variables.  Those residing in the 
floodplain were significantly more likely to report having heard “a lot” about dioxins 
(43% of floodplain residents vs. 26% of non-floodplain residents, F=32.39, p<.0001), 
while those residing in Jackson/Calhoun were significantly less likely (10% of 
Jackson/Calhoun residents vs. 39% of Midland/Saginaw residents, F=43.58, p<.0001). 
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6.4.1.7 Having Children 
While it was hypothesized that having children could result in judgment of the 
risk from a different perspective, having children was not a significant predictor of any 
risk judgment variables.  Note, however, that the average age of the sample was 58.3 
years, suggesting that the experience of having young children was probably in the past 
for many participants. 
6.4.2 Effects of Information Received on Risk Judgments 
6.4.2.1 Familiarity with Dioxins 
Being very familiar with dioxins (i.e., having heard “a lot” about dioxins) was a 
highly significant predictor of ease of judgment and confidence in judgment (p≤.001).  
Participants who were very familiar with dioxins found it easier to judge the risk and 
were more confident in their judgments.  While perhaps not surprising, this does suggest 
that most receivers were converting hazard and exposure information directly into risk 
information.  As previously discussed, available information was limited to hazard and 
exposure information, since health risk from dioxins remains scientifically uncertain.  
From an expert point of view, additional hazard and exposure information should not 
necessarily make it easier for laypeople to judge the risk or make laypeople more 
confident in their judgments of risk.  The fact that this occurred in this case suggests that 
laypeople are somewhat comfortable relying on hazard and exposure information to make 
risk judgments.  The fact that familiarity with dioxins did not significantly predict 
judgment of risk or concern about risk suggests that there was no clear message regarding 
the risk in available information.  This lack of risk information further suggests that, 
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instead, receivers were making judgments or extrapolations from available hazard and 
exposure information. 
6.4.2.2 UMDES Participation 
UMDES participation significantly predicted lower concern about the risk, but not 
judgment of lower risk.  This result suggests that the effect may be due to affective 
processing of information, in which the risk may not be analytically judged to be lower, 
but concern (an affective state) may be decreased.  UMDES participants may have 
affectively processed either their participation in the exposure study or the exposure study 
findings and found some aspect to be reassuring.  As suggested by some Phase 2 
interview participants, the experience of having blood drawn for study may have made 
them feel that they had somehow been examined for health problems, or that they would 
have been notified if there was a cause for concern.  In addition, greater awareness of the 
scope and magnitude of the study may have made them feel the risk was being 
adequately examined by others and that there was no cause for personal concern.  Non-
UMDES participants, without these experiences, expressed greater concern. 
Surprisingly, UMDES participation did not predict ease of judging risk or 
confidence in judging risk.  It is unlikely that these effects are fully explained by 
familiarity with dioxins, as UMDES participants were not significantly more likely to 
report having heard “a lot” about dioxins (36% among UMDES participants vs. 34% 
among non-UMDES participants, F=0.45, p=0.502).  It is possible that specific aspects of 
UMDES participation (e.g., receipt of individual blood, dust, and soil results), which 
were not examined in regressions, made it significantly easier or more difficult to judge 
the risk, and that these effects are masked by representing UMDES participation as a 
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single variable.  However, the additional UMDES communication variable that was 
examined (recalled receipt or reading of either the 2006 or 2011 UMDES brochures) also 
did not significantly predict ease of judgment or confidence in judgment. 
6.4.2.3 UMDES Brochures 
Receipt or reading of the 2006 or 2011 UMDES results brochures and looking up 
information in completing the survey were not significant predictors of any risk judgment 
variables.  This is again suggestive of the idea that, because the health risk from dioxins 
is uncertain, there were not clear messages available to participants regarding health risk. 
6.4.3 Relationships Between Risk Judgment Variables 
As expected, the two risk judgment variables related to the process of judging the 
health risk (ease of judgment and confidence in judgment) and the two variables related 
to the outcome of the risk judgment process (judgment of risk and concern about risk) 
were more highly correlated within each pair (ease-confidence inter-item correlation 
0.51, judgment-concern 0.75) than between pairs (maximum inter-item correlation -.24 
between ease of judgment and concern about risk). 
The positive correlation between ease of judgment and confidence in judgment is 
interesting in light of some of the comments made in Phase 2 interviews.  When asked to 
make risk judgments about dioxins in interviews, some participants said it was easy to 
judge the risk because of “ignorance,” suggesting a lack of confidence in their judgments.  
Results in Phase 3 show that participants who found it easier to judge the risk were 
generally more confident in their judgments. 
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As expected, the pairs of risk judgment variables were also predicted in similar 
ways by variables within regressions.  For example, familiarity with dioxins and 
confidence in mental models significantly predicted both ease of judgment and 
confidence in judgment, while age significantly predicted both judgment of risk and 
concern about risk.  Similarly, mistrust negatively predicted ease of judgment and 
confidence in judgment, and positively predicted judgment of risk and concern about risk.  
These results suggest that these two pairs of variables are representative of the constructs 
they were intended to represent: one pair regarding the process of judging the risk, and 
one pair regarding the outcome of risk judgments. 
6.5 References 
Finucane, M.L. et al., 2000. Gender, race, and perceived risk: The “white male” 
effect. Health, Risk & Society, 2(2), pp.159–172. 
Flynn, J., Slovic, P. & Mertz, C.K., 1994. Gender, race, and perception of 
environmental health risks. Risk Analysis, 14(6), pp.1101–1108. 
Kahan, D.M. et al., 2007. Culture and identity-protective cognition: Explaining 
the white-male effect in risk perception. Journal of Empirical Legal Studies, 4(3), 
pp.465–505. 






Results Regarding Mental Models 
This chapter presents results from analyses of Phase 3 mailed survey data 
regarding mental models.  More specifically, this chapter examines the effects of mental 
models on the risk judgment process and risk judgment outcomes, including whether 
there is evidence that they mediate the effects of information received and receiver 
characteristics. 
7.1 Specific Aims Covered in This Chapter 
This chapter describes analyses regarding specific aims 2, 2a, 2b, 2c, and 2d, 
described in Table 7.1 below. 




To investigate the extent to which residents’ mental models of dioxin exposure/risk 
mediate their health risk judgments and/or perceived difficulty in making these 
judgments. 
2a To determine whether residents’ mental models are directly affected by communications received. 
2b To determine whether residents’ mental models are directly affected by numeracy and other personal characteristics. 
2c To determine whether residents’ health risk judgments and/or their difficulty in making to make these judgments are directly affected by their mental models. 
2d 
To determine whether residents’ mental models mediate the effect of 
communications received and personal characteristics on their health risk judgments 




7.2 Mental Models Variables 
A large number of mental models variables were assessed using true/false 
questions and ratings of confidence for each question.   
True/false questions each had a “correct” answer according to the expert model, 
so “wrong” answers were coded as misconceptions (see Table 7.2 and Appendix L).  
Overall frequency of misconceptions ranged from 4% (for the misconception that dioxins 
cannot be found in fish raised in contaminated water) to 82% (for the misconception that 
a person who lives on contaminated soil will usually have elevated levels of dioxins in 
their body).  Frequency of most misconceptions ranged between 30% and 50%. 
As shown in Table 7.2, ten questions from the Midland/Saginaw survey were 
intentionally omitted from the Jackson/Calhoun survey, and six were modified, resulting 
in a total of 46 mental models questions asked of Midland/Saginaw participants and 36 
mental models questions asked of Jackson/Calhoun participants.   
Table 7.2 Results of Mental Models True/False Questions, Overall and by UMDES 
Participation Group 












25 25 Chemical Classification 46% 46% 42% 61% 
26 26 Multiple Chemicals 10% 13% 8% 8% 
27 27 Chemical Mfg. 12% 15% 11% 7% 
28 -- Dow as a Source -- 11% 6% -- 
29 -- Dow River Waste -- 13% 8% -- 
30 -- Dow Incinerator -- 30% 27% -- 
31 -- Dow Burying Waste -- 53% 54% -- 
32 28 Levels Increasing 72% 72% 66% 87% 
33 -- Past Residence -- 31% 28% -- 
34 -- Well Water -- 71% 72% -- 
35 -- Tap Water -- 34% 33% -- 
36 29(M) Filtering Water 81% 81% 79% 92% 
37 -- River Sediment -- 8% 5% -- 
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38 -- River Banks -- 11% 8% -- 
39 -- Rain Water -- 35% 30% -- 
40 30(M) Swimming 58% 59% 51% 77% 
41 31(M) River Flooding 15% 19% 14% 5% 
42 32(M) Industrial Incin. 44% 44% 36% 71% 
43 33 Car Exhaust 44% 45% 41% 53% 
44 34 Trash Burning 66% 69% 67% 52% 
45 35 Municipal Incin. 62% 62% 67% 42% 
46 36 Power Plants 51% 49% 48% 62% 
47 37 Products 31% 33% 33% 13% 
48 38 Manmade 36% 39% 35% 33% 
49 39 Farm Chemicals 56% 56% 53% 67% 
50 40 Older Age 40% 45% 32% 49% 
51 41 Smoking 72% 70% 71% 83% 
52 42 Fish 4% 5% 4% 2% 
53 43(M) River Fish 13% 13% 13% 14% 
54 44(M) Bottom Fish 18% 17% 14% 33% 
55 45 Washing Vegetables 50% 49% 50% 53% 
56 46 Processed Foods 34% 35% 31% 43% 
57 47 Trimming Meat 43% 45% 41% 42% 
58 48 Trees 47% 46% 46% 55% 
59 49 Property Disclosure 30% 28% 27% 45% 
60 50 Property Values 14% 14% 13% 23% 
61 51 Touching/Washing 49% 51% 46% 49% 
62 52 Breathing Air 29% 31% 28% 20% 
63 53 Living on Soil 82% 82% 82% 83% 
64 54 Eating Food 6% 6% 5% 7% 
65 55 Eating Game 13% 15% 12% 12% 
66 56 Moving Soil 17% 18% 16% 15% 
67 57 Transport 52% 53% 50% 55% 
68 58 Treatments 29% 32% 23% 34% 
69 59 Exercise 30% 30% 28% 37% 
70 60 Water Drinking 41% 40% 38% 55% 
-- = Omitted 
(M) = Modified 
 
In addition to providing a true/false answer, participants provided ratings of their 
confidence in their answer, using a three-point Likert scale with anchors “Not at all” 
“Somewhat,” and “Very” confident.  As a measure of overall mental models confidence, 
participants’ ratings of confidence in their answers to the true/false questions were 
averaged.  Descriptive statistics of this measure are shown in Table 7.3.  Participants 
reported an average confidence of 2.08, associated with the anchor “Somewhat” 
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confident.  Average confidence did not differ significantly by UMDES participation 
group. 



















Bartlett’s Test for 













F-statistic 0.49, p=.61; 
Chi-squared 2.94, p=.23 
 
7.3 Dimension Reduction Process 
Due to the large number true/false questions asked in the CPOD Phase 3 mailed 
survey regarding mental models misconceptions, I developed an empirical method to 
screen these variables for inclusion in further analyses to examine the effects of specific 
misconceptions on risk judgments.  First, I conducted regressions of risk judgment 
variables using the individual misconception variables one at a time, controlling for 
receiver characteristics and information received.  For each risk judgment variable, I 
chose those mental models variables with p-values less than 0.10 for use in further 
analyses.  
Individual p-values for mental models variables as predictors within these 
regressions are shown in Table 7.4 and Table 7.5.  The screening analyses shown here 
contain the full sample of participants, omitting questions not asked in Jackson/Calhoun 
and combining results from modified questions.  For an alternate method of screening 
and analyzing this data, using the full set of questions asked in Midland/Saginaw 
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participants and omitting Jackson/Calhoun participants, see Appendix M.  The alternate 
method produced some changes in the effects of certain variables, but did not change 
overall conclusions (see discussion in Appendix M). 
Table 7.4 Univariate Regressions of Mental Models True/False Questions to  
Screen for Effects on Risk Judgment Process Variables 
    Screening for Effects on  Risk Judgment Variables 










25 25 Chemical Classification 46% 0.538 0.051* 
26 26 Multiple Chemicals 10% 0.132 0.611 
27 27 Chemical Mfg. 12% 0.176 0.009* 
28 -- Dow as a Source -- -- -- 
29 -- Dow River Waste -- -- -- 
30 -- Dow Incinerator -- -- -- 
31 -- Dow Burying Waste -- -- -- 
32 28 Levels Increasing 72% 0.374 0.081* 
33 -- Past Residence -- -- -- 
34 -- Well Water -- -- -- 
35 -- Tap Water -- -- -- 
36 29(M) Filtering Water 81% 0.572 0.986 
37 -- River Sediment -- -- -- 
38 -- River Banks -- -- -- 
39 -- Rain Water -- -- -- 
40 30(M) Swimming 58% 0.619 0.670 
41 31(M) River Flooding 15% 0.276 0.298 
42 32(M) Industrial Incin. 44% 0.219 0.019* 
43 33 Car Exhaust 44% 0.901 0.176 
44 34 Trash Burning 66% 0.286 0.006* 
45 35 Municipal Incin. 62% 0.236 0.017* 
46 36 Power Plants 51% 0.343 0.254 
47 37 Products 31% 0.750 0.100* 
48 38 Manmade 36% 0.658 0.757 
49 39 Farm Chemicals 56% 0.310 0.036* 
50 40 Older Age 40% 0.268 0.848 
51 41 Smoking 72% 0.121 0.104 
52 42 Fish 4% 0.125 0.871 
53 43(M) River Fish 13% 0.059* 0.073* 
54 44(M) Bottom Fish 18% 0.156 0.938 
55 45 Washing Vegetables 50% 0.403 0.971 
56 46 Processed Foods 34% 0.090* 0.160 
57 47 Trimming Meat 43% 0.074* 0.457 
58 48 Trees 47% 0.391 0.863 
59 49 Property Disclosure 30% 0.652 0.836 
60 50 Property Values 14% 0.086* 0.008* 
61 51 Touching/Washing 49% 0.285 0.078* 
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62 52 Breathing Air 29% 0.425 0.038* 
63 53 Living on Soil 82% 0.421 0.632 
64 54 Eating Food 6% 0.094 0.304 
65 55 Eating Game 13% 0.013* 0.775 
66 56 Moving Soil 17% 0.767 0.484 
67 57 Transport 52% 0.437 0.859 
68 58 Treatments 29% 0.903 0.796 
69 59 Exercise 30% 0.583 0.648 
70 60 Water Drinking 41% 0.313 0.054* 
*Selected for further analyses (p<.10) 
-- = Omitted 
(M) = Modified 
a p-values correspond to regression coefficients in ordered logistic regressions controlling for 
Receiver Characteristics (age, gender, minority status, numeracy, education, having any children, 
mistrust of government and industry, working for a chemical company, living in the floodplain, 
living in Jackson/Calhoun) and Information Received (being very familiar with dioxins, UMDES 
participation, receipt or reading of UMDES brochures, looking up information in completing 
survey). 
 
Table 7.5 Univariate Regressions of Mental Models True/False Questions to  
Screen for Effects on Risk Judgment Outcome Variables 
    Screening for Effects on  Risk Judgment Variables 










25 25 Chemical Classification 46% 0.393 0.021* 
26 26 Multiple Chemicals 10% 0.652 0.807 
27 27 Chemical Mfg. 12% 0.921 0.670 
28 -- Dow as a Source -- -- -- 
29 -- Dow River Waste -- -- -- 
30 -- Dow Incinerator -- -- -- 
31 -- Dow Burying Waste -- -- -- 
32 28 Levels Increasing 72% 0.018* 0.002* 
33 -- Past Residence -- -- -- 
34 -- Well Water -- -- -- 
35 -- Tap Water -- -- -- 
36 29(M) Filtering Water 81% 0.014* 0.036* 
37 -- River Sediment -- -- -- 
38 -- River Banks -- -- -- 
39 -- Rain Water -- -- -- 
40 30(M) Swimming 58% <0.001* <0.001* 
41 31(M) River Flooding 15% <0.001* <0.001* 
42 32(M) Industrial Incin. 44% 0.014* 0.007* 
43 33 Car Exhaust 44% 0.042* 0.027* 
44 34 Trash Burning 66% 0.062* 0.066* 
45 35 Municipal Incin. 62% 0.036* 0.048* 
46 36 Power Plants 51% 0.340 0.147 
47 37 Products 31% 0.097* 0.181 
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48 38 Manmade 36% 0.555 0.078* 
49 39 Farm Chemicals 56% 0.865 0.448 
50 40 Older Age 40% 0.009* 0.027* 
51 41 Smoking 72% 0.009* 0.004* 
52 42 Fish 4% 0.032* 0.008* 
53 43(M) River Fish 13% 0.116 0.203 
54 44(M) Bottom Fish 18% 0.282 0.521 
55 45 Washing Vegetables 50% 0.115 0.195 
56 46 Processed Foods 34% 0.775 0.270 
57 47 Trimming Meat 43% 0.712 0.922 
58 48 Trees 47% 0.873 0.628 
59 49 Property Disclosure 30% 0.082* 0.494 
60 50 Property Values 14% 0.510 0.573 
61 51 Touching/Washing 49% 0.005* 0.001* 
62 52 Breathing Air 29% 0.009* 0.001* 
63 53 Living on Soil 82% 0.038* 0.026 
64 54 Eating Food 6% 0.934 0.162 
65 55 Eating Game 13% <0.001* <0.001* 
66 56 Moving Soil 17% 0.567 0.224 
67 57 Transport 52% 0.037* 0.010* 
68 58 Treatments 29% 0.810 0.701 
69 59 Exercise 30% 0.966 0.717 
70 60 Water Drinking 41% 0.884 0.889 
*Selected for further analyses (p<.10) 
-- = Omitted 
(M) = Modified 
a p-values correspond to regression coefficients in regressions (ordered logistic regression for 
judgment of risk, linear regression for concern about risk) controlling for Receiver Characteristics 
(age, gender, minority status, numeracy, education, having any children, mistrust of government 
and industry, working for a chemical company, living in the floodplain, living in 
Jackson/Calhoun) and Information Received (being very familiar with dioxins, UMDES 
participation, receipt or reading of UMDES brochures, looking up information in completing 
survey). 
 
7.4 Regression Analyses 
Those mental models variables selected using the above screening process were 
added to previous regressions of risk judgment variables (see Chapter 6) to check for 
potential mediation effects.  Average mental models confidence was also included in 




Table 7.6 Ordered Logistic Regression of Ease of Judgment by Receiver Characteristics and 
Information Received, With and Without Selected Mental Models Variables 
 Ease of Judgment 
 
Ordered logistic regression 




Ordered logistic regression 




Parameter Coef. p-value Coef. p-value 
Receiver Characteristics     
Age (per 10 years) -0.060 0.187 -0.084 0.070 
Female Gender -0.119 0.369 -0.100 0.454 
Minority Status -0.261 0.301 -0.335 0.192 
Numeracy 0.029 0.670 -0.006 0.930 
Education 0.008 0.913 0.023 0.748 
Having a Child -0.079 0.607 -0.074 0.633 
Mistrust -0.631 <0.001** -0.636 <0.001** 
Working for a Chemical Co. 0.335 0.048* 0.309 0.070 
Floodplain Resident -0.108 0.436 -0.067 0.635 
Jackson/Calhoun Resident -0.215 0.346 -0.218 0.345 
Information Received     
Familiarity with Dioxins 0.482 0.001** 0.358 0.016* 
UMDES Participation 0.194 0.201 0.201 0.185 
UMDES Brochures 0.085 0.560 0.037 0.802 
Looking up Information -0.108 0.733 -0.204 0.518 
Mental Models     
Confidence in Mental Model -- -- 0.603 0.001** 
River Fish -- -- 0.264 0.212 
Processed Foods -- -- 0.202 0.137 
Trimming Meat -- -- -0.250 0.061 
Property Values -- -- 0.211 0.279 
Eating Game -- -- 0.464 0.031* 
*Significant (p<.05) 





Table 7.7 Ordered Logistic Regression of Confidence in Judgment by Receiver 
Characteristics and Information Received, With and Without Selected Mental Models 
Variables 
 Confidence in Judgment 
 
Ordered logistic regression 




Ordered logistic regression 




Parameter Coef. p-value Coef. p-value 
Receiver Characteristics     
Age (per 10 years) -0.051 0.252 -0.063 0.171 
Female Gender -0.088 0.502 -0.143 0.285 
Minority Status 0.026 0.917 -0.063 0.806 
Numeracy 0.019 0.778 0.051 0.464 
Education -0.060 0.395 -0.049 0.495 
Having a Child 0.066 0.664 0.040 0.797 
Mistrust -0.394 0.001** -0.518 <0.001** 
Working for a Chemical Co. 0.287 0.089 0.248 0.150 
Floodplain Resident -0.060 0.663 -0.021 0.882 
Jackson/Calhoun Resident -0.302 0.184 -0.390 0.102 
Information Received     
Familiarity with Dioxins 1.048 <0.001** 0.914 <0.001** 
UMDES Participation 0.070 0.642 0.040 0.793 
UMDES Brochures 0.170 0.242 0.200 0.179 
Looking up Information 0.190 0.543 0.064 0.837 
Mental Models     
Confidence in Mental Model -- -- 0.783 <0.001** 
Chemical Classification -- -- 0.104 0.460 
Chemical Manufacturing -- -- -0.459 0.029* 
Levels Increasing -- -- -0.228 0.121 
Industrial Incinerators -- -- 0.280 0.057 
Trash Burning -- -- -0.252 0.101 
Municipal Incinerators -- -- -0.106 0.496 
Products -- -- -0.073 0.627 
Farm Chemicals -- -- 0.148 0.272 
River Fish -- -- 0.288 0.163 
Property Values -- -- 0.476 0.015* 
Touching/Washing -- -- 0.180 0.176 
Breathing Air -- -- -0.145 0.339 
Water Drinking -- -- -0.384 0.004* 
*Significant (p<.05) 
**Highly significant (p≤.001) 
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Table 7.8 Ordered Logistic Regression of Judgment of Risk by Receiver Characteristics and 
Information Received, With and Without Selected Mental Models Variables 
 Judgment of Risk 
 
Ordered logistic regression 




Ordered logistic regression 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.151 0.001** -0.126 0.009* 
Female Gender 0.127 0.350 0.008 0.955 
Minority Status 0.593 0.023 0.504 0.060 
Numeracy 0.020 0.778 0.072 0.329 
Education -0.007 0.925 0.015 0.844 
Having a Child -0.086 0.590 -0.046 0.776 
Mistrust 1.811 <0.001** 1.578 <0.001** 
Working for a Chemical Co. -0.190 0.288 -0.118 0.520 
Floodplain Resident 0.048 0.741 -0.008 0.958 
Jackson/Calhoun Resident -0.160 0.496 -0.572 0.023 
Information Received     
Familiarity with Dioxins 0.184 0.205 0.185 0.226 
UMDES Participation -0.206 0.192 -0.097 0.547 
UMDES Brochures -0.290 0.055 -0.294 0.058 
Looking up Information 0.187 0.556 0.294 0.372 
Mental Models     
Confidence in Mental Model -- -- 0.013 0.946 
Levels Increasing -- -- 0.202 0.190 
Filtered Water -- -- 0.036 0.844 
Swimming -- -- 0.349 0.028* 
River Flooding -- -- -0.505 0.022* 
Industrial Incinerators -- -- 0.105 0.496 
Car Exhaust -- -- 0.043 0.783 
Burning Trash -- -- -0.179 0.282 
Municipal Incin. -- -- -0.096 0.553 
Products -- -- -0.120 0.446 
Older Age -- -- 0.612 <0.001** 
Smoking -- -- 0.158 0.332 
Fish -- -- -0.314 0.423 
Property Disclosure -- -- -0.160 0.287 
Touching/Washing -- -- 0.141 0.350 
Breathing Air -- -- -0.080 0.632 
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Living on Soil -- -- 0.174 0.361 
Eating Game -- -- -0.596 0.009* 
Transport -- -- -0.008 0.959 
*Significant (p<.05) 
**Highly significant (p≤.001) 
 
Table 7.9 Linear Regression of Concern about Risk by Receiver Characteristics and 
Information Received, With and Without Selected Mental Models Variables 
 Concern about Risk 
 
Linear regression a 




Linear regression b 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.087 <0.001** -0.072 0.001** 
Female Gender 0.133 0.040* 0.071 0.269 
Minority Status 0.261 0.023* 0.202 0.073 
Numeracy -0.068 0.039* -0.052 0.116 
Education -0.009 0.801 -0.004 0.909 
Having a Child 0.014 0.857 0.037 0.617 
Mistrust 0.914 <0.001** 0.762 <0.001** 
Working for a Chemical Co. -0.111 0.190 -0.086 0.299 
Floodplain Resident 0.024 0.729 0.003 0.961 
Jackson/Calhoun Resident -0.079 0.486 -0.236 0.040* 
Information Received     
Familiarity with Dioxins 0.007 0.915 0.005 0.937 
UMDES Participation -0.217 0.004* -0.171 0.019* 
UMDES Brochures -0.011 0.878 0.001 0.984 
Looking up Information 0.161 0.299 0.194 0.200 
Mental Models     
Confidence in Mental Model -- -- 0.090 0.294 
Chemical Classification -- -- 0.002 0.972 
Levels Increasing -- -- 0.137 0.054 
Filtered Water -- -- -0.029 0.728 
Swimming -- -- 0.181 0.013* 
River Flooding -- -- -0.196 0.046* 
Industrial Incinerators -- -- 0.047 0.509 
Car Exhaust -- -- 0.061 0.393 
Burning Trash -- -- -0.063 0.407 
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Municipal Incin. -- -- -0.027 0.712 
Manmade -- -- 0.038 0.551 
Older Age -- -- 0.240 <0.001** 
Smoking -- -- 0.083 0.259 
Fish -- -- -0.266 0.125 
Touching/Washing -- -- 0.086 0.210 
Breathing Air -- -- -0.082 0.270 
Eating Game -- -- -0.283 0.005* 
Transport -- -- -0.011 0.876 
Constant 1.072 0.001** 0.975 0.007* 
*Significant (p<.05) 
**Highly significant (p≤.001) 
a Residual df=838, R-squared=0.3177, Adjusted R-squared=0.3063 
b Residual df=816, R-squared=0.3784, Adjusted R-squared=0.3540 
 
7.5 Summary and Discussion of Effects of Mental Models on Risk Judgments 
7.5.1 Confidence in Mental Models 
As expected, average confidence in mental models answers was a highly 
significant predictor of both ease of judging health risk and confidence in judgment of 
risk (p≤.001).  This indicates that hazard and exposure information that strengthens 
mental models also makes it easier to judge the resulting risk.  As all of the true/false 
mental models questions dealt with hazard and exposure, and not health risk, this 
provides further evidence suggesting that laypeople do not naturally differentiate between 
hazard and risk (Sadhra et al. 2002).  In contrast, one could imagine that experts familiar 
with dioxins, such as those interviewed in CPOD Phase 1, might feel confident in their 
mental models of dioxin hazards and exposure, but still find it difficult to judge the risk 
or feel confident in their judgment, due to scientific uncertainty.  This is further evidence 
that laypeople do not experience or react to scientific uncertainty in the same ways as 
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experts.  Mental models confidence was not significantly predictive of judgment of risk 
or concern about risk. 
7.5.2 Specific Mental Models Misconceptions 
This study is believed to be the first to examine the effect of specific mental 
models misconceptions on risk judgments, and on difficulty making risk judgments.  
Several specific misconceptions predicted judgment of risk and/or concern about risk.  
These include two misconceptions related to river water (regarding the effects of 
swimming and river flooding), one related to diet (regarding the effect of eating game) 
and one related to age (regarding the effect of being older).  The misconception regarding 
the effect of being older was a highly significant predictor of both judgment of risk and 
concern about risk.  It is important to note that some of these misconceptions (regarding 
swimming and being older) predicted judgment of greater risk and/or greater concern 
about risk, while others (regarding river flooding and the effects of eating game) 
predicted judgment of lower risk and/or lower concern about risk.  This means that while 
it is clear that providing residents with specific information to correct these 
misconceptions has the potential to alter risk judgments, it is unclear whether the net 
effect would be an increase or decrease in judgment of the risk and concern about risk. 
A different set of specific mental models misconceptions was found to 
significantly predict ease of judgment and confidence in judgment.  One misconception, 
regarding the effects of eating game, was a significant predictor of ease of judgment.  
Several misconceptions, regarding chemical manufacturers as the sole source of dioxins, 
effects of high levels of dioxin contamination on property values, and the effectiveness of 
water consumption at ridding the body of dioxins, were significant predictors of 
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confidence in judgment.  Again, these effects were in both positive and negative 
directions, indicating that correcting these misconceptions may not reliably result in 
either a net increase or a net decrease in ease of judgment or confidence in judgment. 
7.5.3 Potential Mediation by Mental Models Variables 
Some evidence was found for potential mediation of risk judgment variables by 
one or more of these specific misconceptions, or by average mental models confidence.  
More specifically, mental models variables potentially mediated effects of gender, 
minority status, and numeracy on concern about risk, and the effect of working for a 
chemical company on ease of judgment.  This indicates that the role of mental models in 
forming risk judgments deserves further study. 
7.6 Reference 
Sadhra, S. et al., 2002. Workers’ understanding of chemical risks: Electroplating 





Results Regarding Satisfaction 
This chapter presents results from analyses of Phase 3 mailed survey data 
regarding satisfaction with hazard and exposure information.  More specifically, this 
chapter examines the effects of risk judgments on satisfaction, including whether there is 
evidence that risk judgments, or the ability to judge health risk, mediate effects of 
information received, receiver characteristics, and mental models on satisfaction. 
8.1 Specific Aims Covered in this Chapter 
This chapter describes analyses regarding specific aims 3 and 3a, described in 
Table 8.1 below. 




To investigate whether residents’ health risk judgments, and/or perceived difficulty in 
making these judgments, directly influence their satisfaction with their level of 
knowledge about dioxins and/or their satisfaction with the information they have 
received or gathered about dioxins. 
3a. 
To determine whether residents’ health risk judgments, and/or perceived difficulty in 
making these judgments, mediate residents’ satisfaction with their state of knowledge 




8.2 Satisfaction Variables 
Four items on the Phase 3 mailed survey were related to satisfaction with 
information received.  A composite scale of these four survey items was created, but it 
was reduced to three items when it was found that one of the four items (regarding 
confusing information) was much less strongly related to the other three (see Table 6.2 
and Table 8.3).   
Table 8.2 Scale of Four Items Regarding Satisfaction with Information 








2. I have gotten enough information 
about dioxins. 961 0.8660 0.7397 0.7630 
3. I am satisfied with the information 
I have gotten about dioxins. 962 0.8791 0.7650 0.7506 
4. The information I’ve gotten about 
dioxins has been confusing to me. b 952 0.6698 0.4530 0.8803 
5. I feel well-informed about dioxins. 949 0.8616 0.7381 0.7638 
 Overall Cronbach’s Alpha for 
Four-Item Satisfaction Scale 0.8377 
 
a Answers were given on a four-point Likert scale with anchors “Strongly Disagree,” “Disagree,” 
“Agree,” and “Strongly Agree” 
b Removed from scale. Reduced scale: n=966, Mean=2.33, SD=0.61, Min=1, Max=4, Cronbach’s 
alpha=0.88 
 
Table 8.3 Inter-Item Correlations in Four-Item Satisfaction Scale, and  
Reduction to Three Items 
 Item 2 Item 3 Item 4a Item 5 
Item 2 1.00    
Item 3 0.78 1.00   
Item 4a 0.36 0.40 1.00  
Item 5 0.66 0.69 0.47 1.00 
 
Scale: n=966, Mean=2.35, SD=0.55, Min=1, Max=4, Cronbach’s alpha=0.84 





Descriptive statistics for individual items and the three-item satisfaction scale are 
shown in Table 8.4. 
Table 8.4 Descriptive Summary of Three-Item Satisfaction Scale, Overall and by UMDES 
Participation Group 
 Mean (Std. Dev.)   








Bartlett’s Test for 
Equal Variances 











F-statistic 5.92,  
p <.01; 
Chi-squared 1.69,  
p=.43 
3. I am satisfied with the 
information I have 









F-statistic 12.39,  
p <.01;  
Chi-squared 1.56,  
p=.46 




























a Answers were given on a four-point Likert scale with anchors “Strongly Disagree,” “Disagree,” 
“Agree,” and “Strongly Agree” 
 
  Overall, participants were slightly dissatisfied with the information they had 
received or gathered about dioxins.  Even for Midland/Saginaw participants in the 
UMDES, the most satisfied group (and the participation group potentially receiving the 
largest quantity of communications about dioxins), average satisfaction was rated slightly 
below neutral, slightly below halfway between the anchors associated with “disagree” 
and “agree” (i.e., dissatisfied and satisfied). 
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8.3 Regression Analyses 
The effects of risk judgments on satisfaction, when controlling for other variables, 
were assessed using regression techniques.  Linear regression was used for the 
satisfaction scale, as the scale did not have discrete points.  Models both with and without 
risk judgment variables, used to check for potential mediation effects, are shown in Table 
8.5 below.  These models include all receiver characteristics and information received 
variables from previous regressions (to control for non-significant effects), as well as 
mental models variables found to be significant predictors of risk judgment variables in 
previous regressions. 
Table 8.5 Linear Regression of Satisfaction with Information by Receiver Characteristics, 
Information Received, and Mental Models, With and Without Risk Judgment Variables 
 Satisfaction with Information Scale 
 
Linear regression a 




Linear regression b 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) 0.017 0.204 0.017 0.165 
Female Gender -0.044 0.250 -0.021 0.551 
Minority Status -0.047 0.496 -0.028 0.657 
Numeracy 0.035 0.083 0.027 0.143 
Education -0.039 0.060 -0.033 0.084 
Having a Child -0.032 0.469 -0.036 0.373 
Mistrust -0.273 <0.001** -0.099 0.006* 
Working for a Chemical Co. 0.150 0.003* 0.117 0.011* 
Floodplain Resident -0.057 0.156 -0.048 0.188 
Jackson/Calhoun Resident 0.046 0.515 0.054 0.401 
Information Received     
Familiarity with Dioxins 0.303 <0.001** 0.225 <0.001** 
UMDES Participation 0.018 0.683 -0.021 0.596 
UMDES Brochures 0.183 <0.001** 0.163 <0.001** 
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Looking up Information -0.133 0.142 -0.122 0.149 
Mental Models     
Confidence in Mental Model 0.128 0.014* 0.065 0.179 
Chemical Mfg. -0.039 0.504 0.011 0.838 
Levels Increasing -0.006 0.891 0.026 0.503 
Swimming -0.076 0.065 -0.041 0.280 
River Flooding 0.055 0.340 -0.011 0.829 
Industrial Incin. 0.037 0.370 0.011 0.758 
Older Age 0.018 0.645 0.053 0.136 
Trimming Meat -0.048 0.218 -0.041 0.244 
Property Values 0.031 0.576 -0.011 0.822 
Eating Game 0.130 0.030* 0.058 0.293 
Water Drinking -0.048 0.196 -0.019 0.584 
Risk Judgments     
Ease of Judgment -- -- 0.074 <0.001** 
Confidence in Judgment -- -- 0.113 <0.001** 
Judgment of Risk -- -- -0.051 0.041* 
Concern about Risk -- -- -0.103 <0.001** 
Constant 2.741 <0.001** 2.326 <0.001** 
*Significant (p<.05) 
**Highly significant (p≤.001) 
a Residual df=833, R-squared=0.2634, Adjusted R-squared=0.2413 
b Residual df=815, R-squared=0.3998, Adjusted R-squared=0.3784 
 
8.4 Analyses for Mediation of Satisfaction by Risk Judgments 
To examine potential mediation of satisfaction by risk judgment variables, 
additional mediation analyses were conducted for the nine receiver characteristics, 
information received, and mental models variables showing potential mediation by risk 
judgments in regressions of satisfaction in Table 8.5.  Evidence for potential mediation 
consisted of a p-value less than 0.10 in regression without mental models variables and 
increased p-value and/or decreased absolute value of regression coefficient in regression 
with mental models variables. 
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Mediation analyses were conducted using methods recommended by Baron and 
Kenny (1986).  This method prescribes conducting three regressions to examine four sets 
of regression coefficients a, b, c, and c’, where a represents the effect of the independent 
variable on the mediator; b represents the effect of the mediator on the dependent 
variable, controlling for the independent variable; c represents the effect of the 
independent variable on the dependent variable; and c’ represents the effect of the 
independent variable on the dependent variable, controlling for the mediator.  In this case, 
satisfaction was the dependent variable; receiver characteristics, information received, 
and mental models were the independent variables.  Thus, regression coefficients and p-
values were examined for: (1) the effect of receiver characteristics, information received, 
and mental models variables on satisfaction, without controlling for risk judgments 
(labeled c in Figure 8.1 below); (2) the effect of these variables on satisfaction, 
controlling for risk judgments (labeled c’); (3) the effect of risk judgments on 
satisfaction, controlling for these variables (labeled b); and (4) the effect of these 
variables risk judgments (labeled a).   
 




Regressions to determine b, c, and c’ were already conducted in the analyses 
above.  For the additional regressions to determine values of a, see Appendix N.  Full 
results (values of a, b, c, c’, and associated p-values) are shown in Table 8.6 below. 
Table 8.6 Summary of Mediation Analysis Regression Coefficients for Mediation of 
Satisfaction by Risk Judgments 
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(<.001**)   
*Significant (p<.05) 
**Highly significant (p<.001) 
 
These additional analyses provided evidence of significant mediation by risk 
judgments for four key variables, shown in mediation diagrams in the figures below.  
Numbers in these diagrams correspond to the non-standardized regression coefficients 
shown in Table 8.6.  All effects shown are significant at p<.05, except for the dashed 
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lines in Figure 8.4 and Figure 8.5, which denote effects that became non-significant after 
adding risk judgment variables. 
The first key variable with evidence of mediation by risk judgment variables was 
the receiver characteristic of mistrust of government and industry (see Figure 8.2).  This 
variable had a negative effect on satisfaction, with a regression coefficient of -.273 
without controlling for risk judgments, which was reduced in magnitude to -0.099 when 
risk judgment variables were added to the regression.  The direct effect of mistrust on 
satisfaction remained significant (p<.05), indicating that complete mediation did not 
occur.  Effects of mistrust on each of the four risk judgment variables were significant 
and in the expected directions, suggesting partial mediation by each of the four variables. 
 
Figure 8.2 Partial Mediation of Negative Effect of Mistrust on Satisfaction by Risk 
Judgment Variables 
 
The next key variable with evidence of mediation by risk judgment variables was 
the information received variable of familiarity with dioxins (see Figure 8.3).  This 
variable had a positive effect on satisfaction, with a regression coefficient of 0.303 
without controlling for risk judgments, which was reduced to 0.225 when risk judgment 
variables were added to the regression.  The direct effect of familiarity on satisfaction 
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remained significant (p<.05), indicating that complete mediation did not occur.  Effects 
of familiarity on two of the four risk judgment variables were significant and in directions 
suggestive of partial mediation by these two variables. 
 
Figure 8.3 Partial Mediation of Positive Effect of Familiarity with Dioxins on Satisfaction 
by Ease of Judgment and Confidence in Judgment 
 
The next key variable with evidence of mediation by risk judgment variables was 
the mental models variable regarding mental models confidence (see Figure 8.4).  This 
variable had a positive effect on satisfaction, with a regression coefficient of 0.128 
without controlling for risk judgments, which was reduced in magnitude to 0.065 when 
risk judgment variables were added to the regression.  The direct effect of mistrust on 
satisfaction was no longer significant (p>.05), indicating that mediation was complete or 
nearly complete.  Effects of mistrust on two of the four risk judgment variables were 





Figure 8.4 Mediation of Positive Effect of Mental Models Confidence on Satisfaction by 
Ease of Judgment and Confidence in Judgment 
 
The last two variables with evidence of mediation by risk judgment variables 
were mental models misconceptions regarding swimming and eating game (see Figure 
8.4).  These variable had mixed effects on satisfaction, with regression coefficients of      
-0.076 and 0.130, respectively, without controlling for risk judgments, which were 
reduced in magnitude to -0.041 and 0.058 when risk judgment variables were added to 
the regression.  The direct effect of these misconceptions was no longer significant 
(p>.05), indicating that mediation was complete or nearly complete.  Effects of these 
misconceptions on two of the four risk judgment variables were significant and in 






Figure 8.5 Mediation of Effects of Mental Models Misconceptions on Satisfaction by 
Judgment of Risk and Concern about Risk 
 
8.5 Summary and Discussion of Effects on Satisfaction 
Results were consistent with Aim 3.  Regression analyses showed that receiver 
characteristics, information received, and mental models variables significantly predicted 
satisfaction, and that many of these relationships were mediated by risk judgments. 
8.5.1 Effects of Receiver Characteristics on Satisfaction 
8.5.1.1 Mistrust of Government and Industry 
Mistrust of government and industry was a highly significant predictor of lower 
satisfaction with information received (p≤.001).  This finding provides further indication 
that it may be difficult for some receivers in settings such as this to find trusted sources of 
information.    Existing sources of communications, including government and industry 
sources, may be considered untrustworthy, and these receivers may not find any 
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additional communications from government or industry sources to be useful or helpful 
in these situations.  The impact of mistrust on satisfaction was consistent with that found 
by McComas (2003), finding that positive expectations of public meetings led to greater 
satisfaction with these meetings.  The finding that greater mistrust was also consistently a 
highly significant predictor of greater difficulty in judging risk, less confidence in risk 
judgment, judgment of higher risk, and more concern about risk, as well as decreased 
satisfaction, is evidence of an important linkage between mistrust, risk judgments, and 
satisfaction.  Further exploration of this linkage in mediation analyses demonstrates that 
risk judgment variables partially mediate the effect of mistrust on satisfaction, reducing 
the effect size by almost two-thirds.  This finding suggests that providing additional 
information, from trusted sources, to assist in making risk judgments could improve 
satisfaction with hazard and exposure communications. 
8.5.1.2 Working for a Chemical Company 
Working for a chemical company was also a significant predictor of greater 
satisfaction, although it otherwise significantly predicted only greater ease of risk 
judgment.  This result suggests that working for a chemical company had effects on 
satisfaction that were separate from risk judgment variables.  It is unclear whether these 
effects would be appropriately attributed to a greater expertise or knowledge about 
chemicals generally; an additional, and likely trusted, source of information in the form 
of an employer; or a greater interest in the topic, leading to greater attention to available 
information or additional information-seeking behaviors.  This effect was not found to be 
significantly mediated by risk judgment variables. 
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8.5.1.3 Other Receiver Characteristics 
Age, gender, minority status, having children, and residing near or far from 
contaminated areas were not significant predictors of satisfaction with information.  The 
fact that some of these variables (age, gender, and minority status) were significant 
predictors of judgment of risk or concern about risk suggests that satisfaction may be 
different from judgment of risk and concern about risk with respect to the effects of age, 
gender, and minority status. 
8.5.2 Effects of Information Received on Satisfaction 
8.5.2.1 Familiarity with Dioxins 
Being very familiar with dioxins (i.e., having heard “a lot” about dioxins) was a 
significant predictor of satisfaction.  This finding suggests that it is partly the quantity of 
hazard and exposure information available that determines satisfaction.  The effects of 
familiarity were partially mediated by the ease of judging the health risk from dioxins and 
one’s confidence in this judgment.  This finding is significant, as it is further evidence 
suggesting that laypeople are translating directly from hazard and exposure information 
into risk information.  It also suggests that the sources of information available to 
receivers in this setting were satisfactory, when controlling for ability to judge risk and 
mistrust.  This would indicate that some receivers are satisfied with making risk 




8.5.2.2 UMDES Brochures 
While not a significant predictor in any models of risk judgments, recalled receipt 
or reading of the 2006 or 2011 UMDES brochures was a highly significant predictor of 
satisfaction (p≤.001).  Those who recalled receiving or reading the brochures were more 
satisfied with the information they had received, suggesting that the brochures from the 
UMDES were an important source of information for many participants. This could 
indicate that information presented in the UMDES brochures, while not significantly 
assisting with risk judgments, was still presented in a way that was satisfying to receivers, 
perhaps by presenting information in a thorough, comprehensible manner.  Alternatively, 
this variable may be serving as a more general marker of engagement with the UMDES 
study.  Those who were more engaged with the study may have been more satisfied with 
the overall set of communications they received pertaining to the study.  UMDES 
participation alone was not a significant predictor of satisfaction. 
8.5.2.3 Looking Up Information 
Looking up information was not significantly predictive of satisfaction.  This 
further suggests that clear sources of satisfactory information may not be readily 
available, or at least they were not accessed by these participants during the survey in a 
way that influenced satisfaction. 
8.5.3 Effects of Mental Models on Satisfaction 
Relatively few mental models variables significantly predicted satisfaction, 
including mental models confidence and one mental models misconception. 
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8.5.3.1 Mental Models Confidence 
Mental models confidence was a significant predictor, with participants who were 
more confident in their mental models reporting greater satisfaction with the information 
they had received.  This suggests that participants were basing their mental models, at 
least in part, on the information they had received.  It also suggests that participants were 
basing their satisfaction with information, at least in part, on their ability to confidently 
use this information in their mental models.   
The effect of mental models confidence on satisfaction with information appears 
to be partially mediated by ease of risk judgment and confidence in risk judgment.  When 
the risk judgment variables (ease of judgment, confidence in judgment, judgment of risk, 
and concern about risk) were added to the regression of satisfaction, the variable 
representing average mental models confidence became non-significant (p>.10).  This 
indicates that the ability to make risk judgments plays an important role in the 
relationship between having a strong mental model and being satisfied with hazard and 
exposure communications.  More specifically, this provides further evidence that hazard 
and exposure information that strengthens mental models also makes it easier to judge the 
resulting risk, and that this, in turn, drives satisfaction.   
8.5.3.2 Mental Models Misconceptions 
Only one specific mental models misconception significantly predicted 
satisfaction.  This was the misconception regarding the effects of eating game from 
contaminated areas.  Having this misconception (i.e., believing that eating game from 
contaminated areas could not increase dioxin levels in the body) predicted greater 
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satisfaction with information received.  The fact that this misconception predicted greater 
satisfaction indicates that receivers may be satisfied with information even when their 
mental models are inaccurate.  This is an important finding, as it underscores the need for 
information that corrects misconceptions, while still satisfying the needs of receivers.  
While the direction of the relationship with this misconception suggests that providing 
information to correct this misconception would have a negative effect on satisfaction, it 
is unclear whether this would actually be the case.  Because providing information to 
correct misconceptions could increase mental models confidence, a net positive effect on 
satisfaction could still occur. 
The effect of the eating game misconception on satisfaction was mediated by risk 
judgment variables related to judgment of risk and concern about risk.  This suggests that 
it is not the misconception itself driving satisfaction, but rather its effects on judgment of 
the risk and concern about the risk.  This is not surprising.  Since participants would not 
be expected to be aware of the specific misconceptions contained in their mental models, 
these misconceptions would not be expected to have direct effects on satisfaction with 
information.  Whether correcting these misconceptions would have any net positive or 
negative effect on risk judgments or satisfaction is unclear from the data.  However, if 
additional information also increased participants’ confidence in their mental models, the 
effect would likely be positive. 
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8.5.4 Effects of Risk Judgments on Satisfaction 
8.5.4.1 Ease of Judgment and Confidence in Judgment 
The primary hypothesis that the greater ease of judging health risk and greater 
confidence in this judgment would significantly predict greater satisfaction was 
confirmed.  Ease of judgment and confidence in judgment were both highly significant 
predictors of satisfaction with information (p≤.001). 
Ease of judging health risk and confidence in this judgment also partially 
mediated the effects of familiarity with dioxins and mental models confidence on 
satisfaction.  While direct effects of both familiarity and mental models confidence on 
satisfaction persisted after adding risk judgment variables, the effect sizes were 
decreased, most significantly in the case of mental models confidence. 
These findings indicate that ease of judging health risk and confidence in 
judgment play an important role in satisfaction with hazard and exposure information 
received in a community setting.  If this is the case, this finding is potentially relevant to 
the many other settings in which hazard and exposure information is received, including 
worker-, consumer-, and community-right-to-know settings. 
8.5.4.2 Judgment of Risk and Concern about Risk 
The alternate hypothesis that judgments of greater risk and greater concern about 
the risk would significantly predict lower satisfaction was also confirmed.  Greater 
concern about risk, in particular, was a highly significant predictor of lower satisfaction 
(p≤.001).  While modeled in the present research as an effect of judgment and concern on 
satisfaction, it is possible that the true directionality of this effect could be the reverse.  It 
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is possible that lower satisfaction with information about a risk (e.g., due to perhaps a 
recognition that one is receiving hazard and exposure information without risk 
information) could actually increase concern about a risk and result in judgment of higher 
risk.   
Judgment of risk and concern about risk also mediated the effect of a significant 
mental models misconception on satisfaction, suggesting the importance of correcting 
mental models misconceptions which increase or decrease risk judgments.  It is unclear 
from the data whether providing information to correct misconceptions would have a net 
positive or net negative effect on satisfaction.  However, the positive effects of mental 
models confidence on ease of judgment and confidence in judgment suggests that the net 
effect would likely be positive, regardless of the directionality of the effect on satisfaction 
of the misconception. 
8.5.4.3 Overall Effects of Risk Judgments 
Together, the four risk judgment variables proved to be powerful predictors of 
satisfaction.  Adding them to the regression model increased the predictive value of the 
overall model by about a third (R-squared=0.26 without risk judgment variables vs. 0.40 
with risk judgment variables).  The finding of such a large impact from these four 
variables, when controlling for a large number of additional variables, underscores the 
importance judgments of health risk to receivers of hazard and exposure information.  
This is further supportive of the original hypothesis that the ability of laypeople to use 
hazard and exposure information to make risk judgments is an important part of 
satisfaction with hazard and exposure communications. 
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8.6 Revised Model of Satisfaction 
As expected, satisfaction with information received proved to be a very sensitive 
measure with many predictors.  As hypothesized, many of these predictors were mediated 
or partially mediated by risk judgments.  A revised model of satisfaction, showing only 
those variables with significant direct effects or mediation effects on satisfaction, is 
shown in Figure 8.6 below.  Arrows representing those effects that were highly 
significant (p≤.001) are shown in bold. 
 
Figure 8.6 Revised Model of Satisfaction 
Variables with significant effects on satisfaction that were mediated or partially 
mediated by risk judgment variables included mistrust of government and industry, 
familiarity with dioxins, mental models confidence, and one specific mental models 
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misconception regarding eating game.  Of these, significant direct effects persisted only 
for mistrust of government and industry and familiarity with dioxins after adding risk 
judgment variables.  Participants who were more mistrustful of government and industry 
were less satisfied with the hazard and exposure information they had received.  
Participants who were more familiar with dioxins were more satisfied.  Direct effects, not 
significantly mediated by risk judgment variables, were also found for working for a 
chemical company and recalled receipt or reading of the UMDES brochures. 
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Discussion and Conclusions 
The purpose of this research was to examine satisfaction with hazard and 
exposure communications in a community contamination setting where health risk is 
uncertain.  Results showed that risk judgments and the ability to judge health risk play an 
important role in satisfaction with hazard and exposure communications.  This chapter 
discusses the implications of these findings for hazard and exposure communications, 
both in community settings and more broadly. 
9.1 Findings Regarding the Primary Hypothesis 
The primary hypothesis, that residents who felt they were able to make judgments 
about their health risk would be more satisfied with the hazard and exposure information 
they had received, was confirmed.  Ease of judging risk and confidence in judging risk 
were both highly significant predictors of satisfaction, even when controlling for many 
other variables, including receiver characteristics, information received, mental models, 
judgment of risk, and concern about risk.   
This finding indicates that residents provided with hazard and exposure 
information do not uniformly find it difficult to judge health risk.  Even when health risk 
is scientifically uncertain and experts therefore refrain from communicating judgments of 
risk, some residents find it easy to make their own risk judgments, and some are even 
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very confident in these judgments.  Some of the residents interviewed in Phase 2 of this 
study indicated that it was easy for them to judge their health risk because of  
“ignorance,” implying that it was easy to make a guess, but that they had very little 
information to assist them.  The findings in Phase 3, however, that ease of judgment and 
confidence in judgment were positively correlated (inter-item correlation 0.51), that they 
were predicted by many of the same variables, and that they had similar effects on 
satisfaction, suggest that many residents did not feel they were guessing when they found 
it easy to make risk judgments.  The fact that those residents who found it easy to make 
risk judgments were also more likely to be satisfied with the information they had 
received strongly implies that residents value information that can help them judge their 
health risk, even when the risk remains scientifically uncertain.  This finding is consistent 
with Lion et al. (2002), which found that people confronted with an unknown risk first try 
to determine whether it is relevant to them, and desire information to help with an 
appraisal process to create a risk judgment. 
In addition to predicting satisfaction, ease of judging risk and confidence in 
judging risk also mediated or partially mediated effects on satisfaction related to 
familiarity with dioxins and confidence in one’s mental model of dioxins.  These 
variables are markers of how much information one has been exposed to and retained 
about dioxins.  Mediation of these variables indicates that the receipt and retention of 
additional information increased satisfaction in large part because it enhanced the ability 
of residents to make risk judgments.  This provides further indication that it is this quality 
of communications that residents find satisfying, and that hazard and exposure 
communications that do not enhance receivers’ ability to make risk judgments may be 
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dissatisfying.  Mediation of these variables also suggests that laypeople may be using a 
process of judging health risk that differs from that of experts in at least one very 
important way.  An expert in dioxins, likely to be both very familiar with dioxins and 
very confident in their mental model of fate and transport of dioxins in the environment, 
would likely still find it difficult to judge the health risk from dioxins and might not be 
confident in his or her judgment of the health risk, due to scientific uncertainty.  In 
contrast, residents in the present research who were more familiar with dioxins and more 
confident in their mental models found it easier to judge the health risk.  These findings 
are consistent with research finding that people interpret information in ways that resolve 
uncertainty (Slovic 1986), and suggest that at least some residents were comfortable 
making risk judgments from the hazard and exposure information they have received.   
Taken together, these findings suggest that communications or other interventions 
that make it easier for residents to make judgments about health risk could increase their 
satisfaction with information, even if health risk remains scientifically uncertain.  As 
described in the opening chapter, satisfaction is a desirable outcome in response to 
communications that are themselves accurate and honest.  Although providing accurate 
information to facilitate judgments about risk in situations where risk is scientifically 
uncertain is not an easy task, findings from the present research suggest that such 
information should increase receiver satisfaction. 
9.2 Findings Regarding the Alternate Hypothesis 
The alternate hypothesis, that residents who judged the risk to be greater would be 
less satisfied with the communications they had received, was also confirmed.  Judgment 
of greater risk and greater concern about risk were both significant predictors of lower 
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satisfaction, even when controlling for receiver characteristics, information received, 
mental models, and ease and confidence in judging health risk. 
The finding that judgment of greater risk and greater concern about risk predicted 
lower satisfaction is somewhat inconsistent with McComas (2003), which found that 
judgment of greater risk predicted greater satisfaction, while greater concern predicted 
lower satisfaction.  However, McComas (2003) was assessing satisfaction specifically 
with public meetings as a method of communication, rather than satisfaction with overall 
information received.  The finding that both judgment of greater risk and greater concern 
about risk predict lower satisfaction is consistent with the finding of Griffin et al. (2004) 
that an individual’s assessment of the amount of information needed to cope with a risk 
increases with individual worry.  If greater concern and judgment of greater risk increase 
information needs, it makes sense that these could also decrease satisfaction with 
information received.   
Judgment of risk and concern about risk were not found to mediate the effects on 
satisfaction of any variables regarding information received.  This is consistent with the 
fact that conclusive risk information about dioxins was unavailable to residents.  Instead, 
this suggests that residents were basing their risk judgments on their own (i.e., non-
expert) process of converting the hazard and exposure information they had received into 
risk information.  It is highly likely that this conversion involved both systematic and 
affective processing of information.  For example, in interviews, residents made risk 
judgments based on both systematic reasoning about factors they believed would increase 
or decrease their risk (e.g., “I think it’s probably pretty high, because, personally, you 
know me being in that water, I’m a smoker, I work in the dirt, although I try to exercise, I 
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don’t drink enough water…”) and affective reasoning about communications they had or 
had not received (e.g., “I don’t think it’s anything for me to be concerned about.  And I 
think if it was that somebody would have said you need to see your doctor….”). 
9.3 Findings Regarding Risk Judgments More Broadly 
The present findings suggest that residents do not necessarily seek to make 
precise quantitative judgments about risk the way scientists do.  Instead, qualitative 
judgments such as those in this study (i.e., ‘extremely large threat,’ ‘no threat at all’) 
appear adequate for satisfaction with communication.  As discussed above and in Chapter 
2, participants likely made qualitative risk judgments in this study using both systematic 
and affective processing, with affective processing playing an important role (Slovic & 
Peters 2006).  These findings support the idea that participants are using the type of gist-
level encoding described by fuzzy trace theory (Reyna 2004) to process information 
about their risk and factors contributing to the risk.  For example, residents may tend to 
encode information from communications about dioxins in near-binary ways, judging 
that the risk is either worth worrying about or not, or judging certain actions to be either 
safe or not safe, based on various sources of information. 
Although it might be very difficult to provide information to help laypeople make 
precise risk judgments when risk is scientifically uncertain, it may be possible to provide 
information to assist with qualitative risk judgments.   
One way to assist with lay risk judgments could be to provide information about 
process-level variables pertaining to the risk, including variables related to hazard and 
exposure.  For example, clarifying relevant exposure processes and properties of 
contaminants such as dioxins can help laypeople understand ways they might or might 
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not be exposed to the contamination (Zikmund-Fisher et al. 2013, in press).  This 
additional information could help strengthen nodes in receivers’ mental models.  
Providing information to further clarify the nature of the relationship between exposure 
and risk could strengthen connections between these nodes, especially connections to 
judgments of risk.  For example, some workplace chemical hazard communication 
guidance suggests that labels convey that “the risk of damage or adverse effects depends 
on the duration and level of exposure” where appropriate for chemicals with chronic 
hazards (American National Standards Institute (ANSI) 2010, p.24).  Strengthening both 
nodes and connections in receivers’ mental models could help receivers better encode 
information at a gist level in order to use it in making affective risk judgments.  Findings 
from the present research indicate that this could increase mental models confidence, 
which in turn could increase ease of judging the risk or confidence in judgment and 
improve satisfaction. 
A different type of information that could be provided to help laypeople make 
qualitative risk judgments could take the form of risk information itself.  Very rarely do 
scientists know nothing about risk, even when many aspects of the risk are scientifically 
uncertain.  Communications that include whatever is known in order to place some 
bounds on the risk could help with lay risk judgments.  Work in the area of crisis risk 
communication (Sandman 2001; Sandman 2002) has referred to this as being willing to 
“speculate” or answer “what-if questions.”  In the absence of any bounding information 
about risk, lay judgments have the potential to vary widely.  Some residents could judge 
the risk to be extremely high while other could judge it to be extremely low or zero.  
Research in medical contexts (e.g., regarding breast cancer) has found that laypeople’s 
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estimations of risk are often orders of magnitude away from scientifically determined 
values (Humpel & Jones 2004).  Even when risk is scientifically uncertain, the range of 
lay judgments could still be much wider than the range of expert judgments permitted by 
the available scientific evidence.  Providing accurate information that includes some 
bounds to risk consistent with the bounds of scientific uncertainty, even if a wide range, 
could improve satisfaction, especially among those estimating extremely high risk.   
The present research points to ways to make it easier for laypeople to make risk 
judgments when the risk is scientifically uncertain.  However, a question could be raised 
as to the value of doing so.  If the scientists aren’t sure, isn’t it better for laypeople to 
remain uncertain about the risk and refrain from making risk judgments?  After all, unlike 
risks in medical settings, the health risks from dioxins have not been quantified even by 
experts.  In response, the present research shows that people will and do make qualitative 
risk judgments, regardless of whether it easy or difficult for them to do so, and regardless 
of whether risk information has been provided from experts.  Providing assistance with 
these risk judgments may help improve their accuracy (as much as possible), in addition 
to increasing ease of judgment, confidence in judgment, and satisfaction.  As with 
satisfaction, ease of judgment and confidence in judgment should not necessarily be seen 
as goals in and of themselves but rather as secondary goals in response to honest and 
accurate communications.  However, even when accurate communications are 
unavailable to assist people with the process of making risk judgments, the present 
research demonstrates that people will make such judgments. 
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9.4 Findings Regarding Mistrust of Government and Industry 
Mistrust of government and industry was an extremely important predictor in the 
model of satisfaction with information that is presented in this research.  That mistrust of 
government and industry would negatively affect satisfaction with information is not 
surprising, as government and industry were two of the primary sources of information 
regarding dioxins in this community, two of the primary actors in activities surrounding 
the assessment and cleanup of dioxins, and industry was also the acknowledged source of 
the dioxin contamination.  As measured in this study, mistrust of government and 
industry included questions regarding federal, state, and local government; government in 
general; public officials; industry in the community; and industry in general.  Question 
topics included various aspects of trust and conduct, including corruption; withholding of 
information; contamination of land, air, and water; pollution and depletion of natural 
resources; taking care of serious health or environmental problems; and ‘doing what is 
right.’  These questions appear to have adequately captured many beliefs relevant to 
satisfaction with information. 
Mistrust of government and industry was largely mediated by risk judgments, 
with significant mediation effects by all four of the risk judgment variables measured.  
Residents who were more mistrustful were less satisfied not only because they judged the 
risk to be higher, but also because they found it more difficult to judge the risk.  While 
literature has consistently linked mistrust with judgment of greater risk and greater 
concern (e.g., Slovic 1993), the finding that mistrust also makes judgment of the risk 
more difficult and reduces confidence in this judgment is believed to be new.  This 
finding indicates that residents may be finding it difficult to obtain trusted sources of 
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information to assist in making risk judgments.  This suggests that those residents who 
find it most difficult to judge the risk may not find additional communications from 
government or industry to be useful or helpful. 
These findings underscore the extreme importance of trust in satisfaction with 
communication and suggest that a lack of trusted sources can lead residents to be 
dissatisfied with the information available to them.  Providing additional information 
from trusted sources could improve satisfaction with hazard and exposure 
communications.  There is little indication in the present data as to which sources of 
information would be trusted.  While those who recalled reading or receiving the 
exposure study brochures were more satisfied with the information they had received, it 
is unclear if this is an indication of trust in university researchers as a source, or an 
indication that those residents who trusted university researchers were likely to have 
engaged more deeply with the study (i.e., more likely to have read or recalled the study 
brochures). 
9.5 Findings Regarding Satisfaction More Broadly 
As expected based on McComas et al. (2003), satisfaction proved to be a sensitive 
outcome of communication, with many predictors.  All four hypothesized constructs 
(receiver characteristics, information received, mental models, and risk judgments) had 
significant or highly significant effects on satisfaction, either directly or mediated by 
other variables.  Assessing satisfaction through multiple survey items combined into a 
scale proved to be a useful way to examine overall satisfaction with information.  Using 
the subjective measures of having “enough” information and feeling “well informed,” in 
addition to a measure being “satisfied” with information, resulted in a robust scale of 
 
 169 
satisfaction, with many highly significant predictors.  This measure, as intended by Hecht 
(1978), was useful in examining process variables (risk judgments and mental models) 
and contributing to theory building.     
Although Hecht (1978) maintained that satisfaction also had the advantage of 
having direct applicability to improving communications, these findings suggest that 
receiver satisfaction may be valuable as a less direct outcome for assessing and 
improving hazard and exposure communications in this and other settings, as well as 
other types of communication.  As previously discussed, it may not be useful to consider 
communication satisfaction as a goal in and of itself for hazard and exposure 
communications, since receivers could be satisfied by information that is purposely false 
or misleading.  Instead, satisfaction should be considered a desirable outcome in response 
to communications that are themselves accurate and honest, and may help to explain why 
communications that are accurate and comprehensible may still fail to satisfy the needs of 
their receivers.   
The fact that the variables assessed in this study together explained approximately 
40% of the variance in satisfaction suggests that satisfaction likely has other important 
contributors beyond those investigated here.  These could include, for example, other 
variables regarding aspects of receivers’ worldviews, individually perceived relevance of 
information or susceptibility to risk, other specific sources of information received, 
perceptions of quality of information, mental models attributes not captured in the CPOD 
model, other aspects of risk judgments, or perceptions of fairness in the communication 
process.  Further investigation of other contributors to satisfaction could find other 
important sources of potential improvements to hazard and exposure communications.   
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9.6 Relevance to Other Settings in which Hazard and Exposure Communications 
Occur 
In this study, satisfaction with hazard and exposure communications was found to 
be highly dependent on risk judgments among residents in a community contamination 
setting.  This finding has potential relevance for the many other settings in which hazard 
and exposure information is received.  In addition to direct relevance to communications 
regarding community exposure studies, biomonitoring studies, and toxicological studies 
about dioxins and other chemicals, these findings are also relevant to various forms of 
right-to-know communications about chemicals.  Communications in right-to-know 
contexts may look very different from those in community contamination settings, and 
risks may also be evaluated differently in these settings.  However, receivers in these 
settings may still make risk judgments based on hazard and exposure information, and the 
ability to make these judgments may be an important predictor of their satisfaction with 
right-to-know communications.  Three such right-to-know settings, and the potential 
relevance of the present research, are discussed in more detail below. 
9.6.1 Worker Right-to-Know 
In the U.S., worker right-to-know information about chemicals is communicated 
through a system of manufacturer on-product labels and material safety data sheets 
(MSDSs), as well as employer training (U.S. Occupational Safety and Health 
Administration (OSHA) 2011).  These regulations mandate the provision of information 
in labels and MSDSs that is hazard-based, in order to insure, conservatively, that known 
hazards are disclosed even when the manufacturer does not believe the risk will be 
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significant (U.S. Occupational Safety and Health Administration (OSHA) 2011).  
Although employer training is permitted to include exposure and risk information, the 
level of sophistication and quality of this training varies widely among employers.  As a 
result, many employees may find it difficult to translate hazard information into more 
meaningful risk information, and may find these hazard-based communications 
dissatisfying.  Reports in the literature have been critical of a lack of awareness, use, or 
comprehensibility of hazard-based right-to-know information among employees (U.S. 
General Accounting Office (GAO) 1991a; Phillips et al. 1999; Nicol et al. 2008), but it is 
possible, based on the present research, that these findings instead suggest a lack of 
satisfaction with the information provided, due to a lack of available risk information.  
Recent changes to U.S. worker right to know have adopted a system used globally that 
considers hazard severity in more detail (U.S. Occupational Safety and Health 
Administration (OSHA) 2012).  It remains to be seen whether this system will enhance 
the ability of workers to judge health risks and result in increased satisfaction with 
communications. 
9.6.2 Consumer Right-to-Know 
U.S. consumer product labeling about chemicals occurs under both consumer 
right-to-know and manufacturer duty-to-warn obligations, including those pertaining to 
food, drugs, cosmetics, pesticides, and other products for household use (Viscusi & 
Zeckhauser 1996, p.107; U.S. Food and Drug Administration (FDA) 2011c; U.S. Food 
and Drug Administration (FDA) 2011b; U.S. Food and Drug Administration (FDA) 
2011a; U.S. Environmental Protection Agency (EPA) 2011c; U.S. Consumer Product 
Safety Commission (CPSC) 2011).  While thresholds for label statements may be risk-
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based in some cases, the information presented in labels is generally limited to hazards 
and precautions.  Statements of hazard on consumer product labels are typically similar to 
workplace labeling, with somewhat more detailed precautions and directions for use.  
Risk information is typically not provided (Hadden 1986, p.207). 
There is evidence that consumers have difficulty judging health risk from hazard-
based labels that do not provide explicit risk information.  For example, warnings 
required under California’s Safe Drinking Water and Toxic Enforcement Act of 1986 
(also known as Proposition 65), have proven difficult for consumers to evaluate.  
Although such warnings are intended to denote cancer risks greater than 1 in 100,000 
over a 70-year lifetime, one survey found that consumers believed cancer risk from using 
a product with such a Prop 65 warning was comparable to that from smoking over half a 
pack of cigarettes a day, something associated with a risk more on the order of 1 in 10 
(Viscusi & Zeckhauser 1996).  As described by Viscusi and Zeckhauser (1996, p.109), 
mismatches such as these do not achieve the objective of consumer product labeling to 
“enable consumers to form accurate judgments of the risk level and take appropriate 
action.”  Findings from the present research suggest that making it easier for consumers 
to judge the risks posed by products they use could improve satisfaction with consumer 
right-to-know communications. 
9.6.3 Community Right-to-Know 
Unlike communications in community contamination settings, community right-
to-know communications occur during normal operations in nearly every community.  In 
the U.S., community right-to-know communications about chemicals stored and used in 
communities are governed by the Emergency Planning and Community Right-to-Know 
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Act (EPCRA), and include chemical inventories, material safety data sheets (MSDSs), 
and emissions data (U.S. Environmental Protection Agency (EPA) 2011a; U.S. 
Environmental Protection Agency (EPA) 2011b; U.S. Environmental Protection Agency 
(EPA) 2011e).  Other examples of community right-to-know information include water 
supplier reports about contaminants in drinking water provided to water customers under 
the Safe Drinking Water Act (SDWA) (U.S. Environmental Protection Agency (EPA) 
2011d).  Each of these communications is typically hazard- or exposure-based and does 
not provide risk information. 
Without interpretation and conversion to risk information, community right-to-
know data may not be helpful to laypeople.  Hadden (1989, p.114) characterized the 
emissions data available under EPCRA Section 313 as “almost meaningless” since little 
can be inferred about exposure or health risk from simple emissions data.  According to a 
1991 report by the U.S. General Accounting Office (U.S. General Accounting Office 
(GAO) 1991b, pp.33–34), a survey of residents in three counties with high levels of 
reported emissions found although many expressed interest in learning about emissions in 
their communities, over half were unaware that emissions data was available to the 
public.  Although reasons for non-use can be many and varied, a lack of perceived 
usefulness could be one reason, as receivers may filter out (i.e., not attend to and forget 
about) sources that do not seem potentially useful or satisfying.   
Presenting right to know information in ways that meet receivers’ needs is 
challenging, however.  The GAO report observed that “program officials have disagreed 
about whether EPA should be engaged in interpreting the significance of the data for the 
public” (1991b, p.4) and that some officials “expressed uncertainty about the meaning of 
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the data; consequently, they felt uncomfortable responding to public inquiries” (1991b, 
p.36).  Although difficult, it has been argued that this is still a necessary and important 
task.  Hadden (1989, p.188) recommended that community right to know should “[force] 
us to think through the kinds of information people need for particular decisions and to 
devise ways of presenting it that are responsive to those needs.”  As observed by Hadden 
(1989, p.133), “It is an irony of right to know that we only want and need that right 
because the risks we hope to control are so difficult to understand.”  The present research 
suggests that it is the understanding of these risks that would help to improve satisfaction 
with information. 
9.7 Limitations and Directions for Future Research 
The present research assessed satisfaction with hazard and exposure 
communications received as part of a natural experiment in a community contamination 
setting following an exposure assessment study.  Several important limitations are noted. 
First, data collection for the present study occurred approximately six to seven 
years after data collection for the University of Michigan Dioxin Exposure Study 
(UMDES).  While communications were still ongoing in the community regarding 
dioxins (e.g., Allee 2009; Lascari 2010) and the UMDES (University of Michigan Dioxin 
Exposure Study 2011), it is likely that some UMDES participants no longer recalled the 
details of their participation.  Thus, any effects found relating to UMDES participation 
may be weaker or may otherwise differ from the effects that would have been measured 
had data collection occurred immediately following the UMDES.  This study measured 
satisfaction with overall information received or gathered to date, which likely includes 
information obtained from a variety of unknown sources and channels in addition to the 
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UMDES.  As a result, this study takes into account information-seeking behaviors 
subsequent to participation in the UMDES.  However, the effects of specific information-
seeking behaviors, and any effects of satisfaction on information-seeking behaviors (or 
vice versa), were not investigated in the present research.  As a result, although 
satisfaction was likely influenced by many sources outside the UMDES, it cannot be 
reliably attributed to any specific non-UMDES sources of communication in the present 
study. 
Second, interaction effects between variables under study were neither 
hypothesized nor examined.  Potential interaction effects could mask variables that do not 
otherwise have direct effects, or change the direction of significant direct effects among 
sub-populations.  Further investigation of interaction effects could find more complex 
relationships between the variables assessed in the present research. 
Regarding generalizability of results, data collection for the present study was 
conducted through a mailed survey.  While response rates were high (approximately 50-
60%), it is possible that there were differences between residents who completed the 
survey and those who did not.  If these differences were related to residents’ knowledge 
or attitudes regarding dioxins, the survey sample may not be reflective of the population 
under study as a whole.  Results also may not be directly generalizable to other 
communities.  In settings involving different contaminants and sources of contaminants, 
different histories of hazard and exposure communications, or significantly different 
demographics, receivers’ risk judgments and satisfaction may depend on different factors 
than those found in this study.  For similar reasons, results also may not be directly 
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generalizable to other hazard and exposure communication settings, such as consumer or 
occupational contexts.   
Research in additional community settings, among participants in additional 
exposure assessment studies, or in some of the many additional contexts in which hazard 
and exposure information is received (e.g., community, consumer, or worker right-to-
know settings) could help determine whether processes are similar to those found in this 
study.  This additional research could help generalize findings to hazard and exposure 
communications more broadly.  Research in laboratory settings, in which hazard and 
exposure information are provided as stimuli under the experimenter’s control, could be 
used to confirm whether risk judgments may impact satisfaction with information more 
generally.  Research in laboratory settings could also be used to test potential 
interventions, by measuring whether communications that improve the ability of 
receivers to judge health risk result in increased satisfaction. 
9.8 Conclusions 
The present research examined satisfaction with hazard and exposure 
communications in a community contamination setting.  The primary hypothesis, that 
residents who felt they were able to make judgments about their health risk would be 
more satisfied with the hazard and exposure information they had received, was 
confirmed.  The alternate hypothesis, that residents who judged the risk to be greater 
would be less satisfied with the communications they had received, was also confirmed.  
Satisfaction was found to be a sensitive outcome with many predictors and potential 
applicability to improvement of communications. 
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Findings from the present research suggest that satisfaction with information 
could be improved by communications or other interventions that make it easier for 
residents to make judgments about health risk, even if health risk remains scientifically 
uncertain.  These findings suggest that providing accurate information that includes some 
bounds to risk consistent with the bounds of scientific uncertainty could reduce 
variability in lay risk judgments, and improve satisfaction.  Findings also suggest that 
clarifying relationships between variables affecting risk (e.g., explaining how hazard or 
exposure relates to risk), could improve satisfaction by strengthening lay mental models.  
Mistrust of government and industry was also found to be an important predictor of 
satisfaction, indicating that providing additional information from trusted sources could 
improve satisfaction, but that those residents who find it most difficult to judge the risk 
may not find additional communications from government or industry to be useful or 
helpful. 
Findings may also be relevant to other settings in which hazard and exposure 
information is communicated, including worker, consumer, and community right-to-
know settings.  Improving the ability of laypeople to judge health risk in these settings 
could also improve satisfaction with hazard and exposure communications. 
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University of Michigan Dioxin Exposure Study (UMDES)  
Results Letters 
This appendix presents letters mailed by the University of Michigan Dioxin 
Exposure Study (UMDES) to those participants who elected to receive their blood, dust, 




























UMDES Results Brochure, August 2006 
This appendix presents the brochure mailed by the University of Michigan Dioxin 
Exposure Study (UMDES) to all UMDES participants in August 2006.  Copies of this 
brochure were also made available at public meetings, on the UMDES website, and at 
















































UMDES Results Mailing, January 2011 
This appendix presents a large-format brochure mailed by the University of 
Michigan Dioxin Exposure Study (UMDES) to all Midland and Saginaw residents in 








UMDES Results Brochure, January 2011 
This appendix presents a brochure created by the University of Michigan Dioxin 
Exposure Study (UMDES) in January 2011.  Copies of this brochure were available at 





















































Community Perceptions of Dioxins (CPOD) Study  
Phase 1 Expert Interview Guide 
This appendix presents a mental models interview guide created by the 
Community Perceptions of Dioxins (CPOD) study to examine expert beliefs about 








CPOD Phase 1 Expert Model of Dioxins 
This appendix presents the expert model of dioxins created by the Community 





CPOD Phase 2 Lay Interview Guide 
This appendix presents a mental models interview guide created by the 








CPOD Phase 2 Post-Interview Questionnaire and Results Summary 
This appendix presents the post-interview questionnaire created by the 
Community Perceptions of Dioxins (CPOD) study.  Phase 2 participants (n=50) 
completed this questionnaire following their interviews.  A summary of their aggregated 













CPOD Phase 2 Lay Interview Coding Model 
This appendix presents the model of dioxins created by the Community 





CPOD Phase 3 Midland/Saginaw Survey and Results Summary 
This appendix presents the mailed survey created by the Community Perceptions 
of Dioxins (CPOD) study and mailed to Midland/Saginaw participants.  A total of 893 
CPOD participants completed this version of the survey, including 453 Midland/Saginaw 
UMDES participants and 440 Midland/Saginaw non-UMDES participants. 
An additional 143 CPOD participants completed the Jackson/Calhoun version of 
the survey (see Appendix K), including 132 Jackson/Calhoun UMDES participants and 
11 Midland/Saginaw non-UMDES participants who were mailed the Jackson/Calhoun 
version in error.   
The aggregated responses shown include both Midland/Saginaw and 


























CPOD Phase 3 Jackson/Calhoun Survey and Results Summary 
This appendix presents the mailed survey created by the Community Perceptions 
of Dioxins (CPOD) study and mailed to Jackson/Calhoun participants.  A total of 143 
CPOD participants completed this version of the survey, including 132 Jackson/Calhoun 
UMDES participants and 11 Midland/Saginaw non-UMDES participants who were sent 
this survey in error.   

























Mental Models True-False Questions 
The Phase 3 survey included a series of true-false questions regarding dioxins.  
These questions appear in Table L.1 below, together with the objectively “correct” 
answer according to the expert model. 
Table L.1 Mental Models True-False Questions, with  






No. Question Topic Question Wording 
“Correct” 
Answer 
25 25 Chemical Classification 
Any chemical may be classified as a dioxin 
based on its health effects. False 
26 26 Multiple Chemicals The word “dioxins” refers a group of chemicals not just one chemical. True 
27 27 Chemical Mfg. The chemical manufacturing industry is the only type of industry that produces dioxins. False 
28 -- Dow as a Source Dioxins found in the Midland area are believed to have come from Dow. True 
29 -- Dow River Waste 
Much of the dioxins found in the 
Tittabawassee River came from past waste 
releases from Dow. 
True 
30 -- Dow Incinerator One source of dioxins in the past was an incinerator operated by Dow. True 
31 -- Dow Burying Waste 
One of the ways Dow disposed of dioxins 
was to put them in large containers and bury 
them in the ground. 
False 
32 28 Levels Increasing 
Over the last 40 years the average level of 
dioxins in the environment has been going 
up. 
False 
33 -- Past Residence 
A person who has lived in 
Midland/Saginaw for the past 40-50 years is 
likely to have more dioxins in their body 
than a person of the same age who recently 
moved to the Midland/Saginaw area. 
True 
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34 -- Well Water Elevated levels of dioxins can be found in well water in the Midland/Saginaw area. False 
35 -- Tap Water 
Elevated levels of dioxins can be found in 
the city water supply (“tap water”) of 
Midland and/or Saginaw. 
False 
36 29(M) Filtered Water 
Elevated levels of dioxins can be found in 
water from [the Tittabawassee River / rivers 
and streams in contaminated areas] even 
after all soil and sediment has been 
removed. 
False 
37 -- River Sediment 
Elevated levels of dioxins can be found in 
the sediment at the bottom of the 
Tittabawassee River. 
True 
38 -- River Banks 
Elevated levels of dioxins can be found in 
the soil on the banks of the Tittabawassee 
River. 
True 
39 -- Rain Water 
Elevated levels of dioxins can be found in 
rainwater that falls in the Midland/Saginaw 
area. 
False 
40 30(M) Swimming 
Skin contact with [the Tittabawasee River 
water / water from rivers and streams in 
contaminated areas] (for example, 
swimming) can significantly increase the 
amount of dioxins in a person’s body. 
False 
41 31(M) River Flooding 
If [the Tittabawassee River / a river or 
stream in a contaminated area] floods onto 
someone’s property, it is likely to leave 
behind dioxins. 
True 
42 32(M) Industrial Incin. 
[Dow’s incinerator is / Industrial 
incinerators are] currently a major source of 
new dioxin contamination. 
False 
43 33 Car Exhaust Car exhaust is currently a major source of new dioxin contamination. False 
44 34 Trash Burning Backyard trash burning is currently a major source of new dioxin contamination. True 
45 35 Municipal Incin. 
Municipal or hospital incinerators are 
currently a major source of new dioxin 
contamination. 
True 
46 36 Power Plants Coal-burning power plants are currently a major source of new dioxin contamination. False 
47 37 Products 
It is possible for household products (such 
as paints, caulks, carpets and furniture) to 
be a source of dioxins. 
True 
48 38 Manmade All dioxins are manmade. False 
49 39 Farm Chemicals Most chemicals applied to farm fields contain dioxins. False 
50 40 Older Age Older people tend to have higher levels of dioxins in their bodies than younger people. True 
51 41 Smoking Cigarette smoking increases the levels of dioxins in the body. False 
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52 42 Fish Dioxins can be found in fish raised in contaminated water. True 
53 43(M) River Fish 
Fish caught in [the Tittabawassee River / 
rivers and streams in contaminated areas] 
tend to have more dioxins in them than fish 
from other rivers and lakes in Michigan. 
True 
54 44(M) Bottom Fish 
Bottom-feeding fish (for example, catfish) 
from [the Tittabawassee River / local rivers 
and streams] tend to have more dioxins in 
them than surface fish (for example, 
walleye) that live in the same parts of the 
river. 
True 
55 45 Washing Vegetables 
Thoroughly washing homegrown lettuce, 
zucchini, and other vegetables removes 
almost all of the dioxins they may have. 
True 
56 46 Processed Foods Processed foods have more dioxins in them than fresh foods do. False 
57 47 Trimming Meat 
Cutting off extra fat or fatty skin from 
meats can help to reduce the amount of 
dioxins in food. 
True 
58 48 Trees 
Having a lot of trees or plants on your 
property or in the area helps to reduce the 
amount of dioxins in the soil. 
False 
59 49 Property Disclosure 
Land owners are required to tell potential 
buyers if their land is known to have 
elevated levels of dioxins. 
True 
60 50 Property Values 
Land that is known to have elevated levels 
of dioxins is often worth less than non-
contaminated land. 
True 
61 51 Touching/Washing 
People can get dioxins in their bodies if 
they touch contaminated water or soil even 
if they wash their skin after contact. 
False 
62 52 Breathing Air People can get dioxins in their bodies if they breathe contaminated air. True 
63 53 Living on Soil 
A person who lives on land with elevated 
levels of dioxins will usually have elevated 
levels of dioxins in their body. 
False 
64 54 Eating Food People can get dioxins in their bodies by eating food that has dioxins in it. True 
65 55 Eating Game 
Eating game animals (for example, deer, 
turkeys) that live on contaminated land will 
increase the amount of dioxins a person has 
in their body. 
True 
66 56 Moving Soil 
Land that is far away from a source of 
dioxins can become contaminated if 
someone brings soil from a contaminated 
source (for example, by adding soil to a 
garden or to fill a hole). 
True 
67 57 Transport Dioxins can move from place to place if they get on people’s clothes or pets. True 
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68 58 Treatments 
There are medications and/or treatments 
available that will remove dioxins from the 
body. 
False 
69 59 Exercise Exercise helps remove dioxins from the body. False 
70 60 Water Drinking Drinking lots of water helps remove dioxins from the body. False 
-- = Omitted 
(M) = Modified 




Alternate Analyses Regarding Mental Models 
Chapter 7 described a method for screening mental models misconceptions for 
their influence on risk judgments.  This method involved omitting questions that were not 
asked in the Phase 3 Jackson/Calhoun survey, in order to analyze responses from the full 
sample of participants. This appendix provides an alternate method of analyzing the full 
set of mental models true/false questions using only the Midland/Saginaw participants. 
M.1 Dimension Reduction Process 
The series of true/false questions asked about dioxins each had a “correct” answer 
according to the expert model, so “wrong” answers were coded as misconceptions.  The 
frequency of misconceptions among Midland/Saginaw participants is shown in Table 
M.1 below.  An empirical method was used to screen these variables for inclusion in 
further analyses to examine the effects of specific misconceptions on risk judgments.  
Regressions of risk judgment variables were conducted using the individual 
misconception variables one at a time, controlling for receiver characteristics and 
information received.  For each risk judgment variable, those mental models variables 
with p-values less than 0.10 were chosen for use in further analyses.   
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Table M.1 Results of Mental Models True/False Questions, with Univariate Regressions for 
Effects on Risk Judgment Variables: Midland/Saginaw Participants Only 
   Screening for Effects on Risk Judgment Variables a 
















p-value p-value p-value p-value 
25 Chemical Classification 43% .440 .025* .524 .052* 
26 Multiple Chemicals 10% .196 .554 .596 .674 
27 Chemical Mfg. 13% .260 .013* .827 .509 
28 Dow as a Source 8% .004* .047* .467 .597 
29 Dow River Waste 9% .028* .016* .717 .619 
30 Dow Incinerator 28% .740 .539 .769 .462 
31 Dow Burying Waste 53% .164 .044* .122 .352 
32 Levels Increasing 69% .363 .045* .016* .002* 
33 Past Residence 29% .003* .032* .019* .001* 
34 Well Water 71% .011* .344 .016* .007* 
35 Tap Water 33% .357 .253 .018* .037* 
36 Filtered Water 80% .497 .986 .009* .071* 
37 River Sediment 6% .250 .379 .226 .033* 
38 River Banks 9% .050* .116 .167 .014* 
39 Rain Water 32% .763 .240 .040* .653 
40 Swimming 54% .587 .621 <.001* <.001* 
41 River Flooding 17% .300 .290 <.001* <.001* 
42 Industrial Incin. 40% .376 .037* .018* .004* 
43 Car Exhaust 42% .880 .185 .040* .030* 
44 Trash Burning 68% .374 .009* .061* .130 
45 Municipal Incin. 65% .590 .029* .011* .025* 
46 Power Plants 48% .359 .195 .276 .141 
47 Products 33% .644 .085* .153 .220 
48 Manmade 36% .353 .965 .558 .079* 
49 Farm Chemicals 55% .367 .012* .754 .379 
50 Older Age 38% .314 .802 .017* .021* 
51 Smoking 70% .156 .182 .004* .005* 
52 Fish 5% .169 .842 .044* .009* 
53 River Fish 13% .139 .125 .082* .059* 
54 Bottom Fish 15% .277 .508 .159 .742 
55 Washing Vegetables 49% .415 .925 .109 .153 
56 Processed Foods 33% .042* .132 .983 .350 
57 Trimming Meat 43% .016* .574 .763 .720 
58 Trees 46% .189 .491 .986 .382 
59 Property Disclosure 28% .687 .790 .186 .661 
60 Property Values 13% .086* .012* .481 .346 
61 Touching/Washing 48% .469 .133 .001* <.001* 
62 Breathing Air 30% .423 .041* .011* .002* 
63 Living on Soil 82% .436 .709 .016* .007* 
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64 Eating Food 5% .008* .076* .640 .089* 
65 Eating Game 13% .003* .194 <.001* <.001* 
66 Moving Soil 17% .436 .922 .292 .085* 
67 Transport 52% .356 .738 .008* .001* 
68 Treatments 28% .926 .955 .796 .807 
69 Exercise 29% .946 .855 .622 .543 
70 Water Drinking 39% .263 .041* .752 .865 
*Selected for further analyses (p<.10) 
a Individual predictor p-values from regressions (ordered logistic regression for all except 
Concern about Risk, which used linear regression) controlling for Receiver Characteristics (age, 
gender, minority status, numeracy, education, having any children, mistrust of government and 
industry, working for a chemical company, living in the floodplain, living in Jackson/Calhoun) 
and Information Received (being very familiar with dioxins, UMDES participation, receipt or 
reading of UMDES brochures, looking up information in completing survey). 
 
M.2 Regression Analyses Regarding Risk Judgments 
Those mental models variables selected for further analysis using the screening 
process shown in Table M.1 were added to existing regression of risk judgment variables 
to check for potential mediation effects.  Average mental models confidence was also 
included in each regression.  Results of these regressions are shown in Tables M.2 
through M.5 below. 
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Table M.2 Ordered Logistic Regression of Ease of Judgment by  
Receiver Characteristics and Information Received,  
With and Without Selected Mental Models Variables 
 Ease of Judgment 
 
Ordered logistic regression 




Ordered logistic regression 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.078 0.108 -0.111 0.026* 
Female Gender -0.126 0.373 -0.098 0.489 
Minority Status -0.219 0.402 -0.195 0.464 
Numeracy 0.005 0.952 -0.002 0.976 
Education -0.030 0.692 -0.021 0.792 
Having a Child -0.130 0.425 -0.119 0.471 
Mistrust -0.706 <0.001** -0.576 <0.001** 
Working for a Chemical Co. 0.389 0.031* 0.369 0.045* 
Floodplain Resident -0.094 0.499 -0.042 0.767 
Jackson/Calhoun Resident (omitted) (omitted) (omitted) (omitted) 
Information Received     
Familiarity with Dioxins 0.513 0.001** 0.395 0.011* 
UMDES Participation 0.180 0.245 0.213 0.174 
UMDES Brochures 0.090 0.575 0.023 0.887 
Looking up Information -0.396 0.302 -0.561 0.146 
Mental Models     
Confidence in Mental Model -- -- 0.550 0.004* 
Dow as a Source -- -- 0.524 0.124 
Dow River Waste -- -- 0.043 0.886 
Past Residence -- -- 0.303 0.065 
Well Water -- -- -0.296 0.059 
River Banks -- -- 0.108 0.698 
Processed Foods -- -- 0.292 0.048* 
Trimming Meat -- -- -0.385 0.007* 
Property Values -- -- 0.108 0.627 
Eating Food -- -- 0.495 0.216 
Eating Game -- -- 0.304 0.234 
*Significant (p<.05) 
*Highly significant (p≤.001) 
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Table M.3 Ordered Logistic Regression of Confidence in Judgment by  
Receiver Characteristics and Information Received,  
With and Without Selected Mental Models Variables 
 Confidence in Judgment 
 
Ordered logistic regression 




Ordered logistic regression 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.074 0.120 -0.085 0.083 
Female Gender -0.114 0.411 -0.172 0.230 
Minority Status 0.153 0.553 0.059 0.825 
Numeracy 0.031 0.667 0.087 0.254 
Education -0.084 0.270 -0.054 0.492 
Having a Child -0.037 0.820 -0.098 0.550 
Mistrust -0.363 0.004* -0.348 0.012* 
Working for a Chemical Co. 0.390 0.029* 0.425 0.020* 
Floodplain Resident -0.049 0.721 -0.020 0.890 
Jackson/Calhoun Resident (omitted) (omitted) (omitted) (omitted) 
Information Received     
Familiarity with Dioxins 1.066 <0.001** 0.952 <0.001** 
UMDES Participation 0.043 0.781 0.029 0.852 
UMDES Brochures 0.223 0.161 0.258 0.111 
Looking up Information -0.182 0.623 -0.373 0.324 
Mental Models     
Confidence in Mental Model -- -- 0.712 <0.001** 
Chemical Classification -- -- 0.143 0.349 
Chemical Mfg. -- -- -0.395 0.072* 
Dow as a Source -- -- 0.266 0.431 
Dow River Waste -- -- 0.252 0.378 
Dow Burying Waste -- -- -0.267 0.059 
Levels Increasing -- -- -0.230 0.136 
Past Residence -- -- 0.158 0.319 
Industrial Incin. -- -- 0.355 0.026* 
Trash Burning -- -- -0.264 0.120 
Municipal Incin. -- -- -0.063 0.713 
Products -- -- -0.093 0.554 
Farm Chemicals -- -- 0.223 0.120 
Property Values -- -- 0.442 0.040* 
Breathing Air -- -- -0.238 0.138 
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Eating Food -- -- 0.353 0.314 
Water Drinking -- -- -0.427 0.003* 
*Significant (p<.05) 
*Highly significant (p≤.001) 
 
Table M.4 Ordered Logistic Regression of Judgment of Risk by  
Receiver Characteristics and Information Received,  
With and Without Selected Mental Models Variables 
 Judgment of Risk 
 
Ordered logistic regression 




Ordered logistic regression 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.166 0.001** -0.133 0.010* 
Female Gender 0.124 0.389 0.002 0.987 
Minority Status 0.592 0.028* 0.444 0.113 
Numeracy 0.029 0.707 0.062 0.440 
Education 0.010 0.900 0.050 0.533 
Having a Child -0.087 0.605 -0.037 0.833 
Mistrust 1.874 <0.001** 1.618 <0.001** 
Working for a Chemical Co. -0.286 0.129 -0.258 0.183 
Floodplain Resident 0.033 0.817 -0.044 0.767 
Jackson/Calhoun Resident (omitted) (omitted) (omitted) (omitted) 
Information Received     
Familiarity with Dioxins 0.235 0.117 0.230 0.146 
UMDES Participation -0.187 0.250 -0.079 0.633 
UMDES Brochures -0.340 0.041* -0.345 0.044* 
Looking up Information 0.057 0.883 0.134 0.737 
Mental Models     
Mental Models Confidence -- -- 0.121 0.551 
Levels Increasing -- -- 0.178 0.275 
Past Residence -- -- -0.176 0.321 
Well Water -- -- -0.047 0.793 
Tap Water -- -- 0.158 0.362 
Filtered Water -- -- 0.023 0.909 
Rain Water -- -- -0.022 0.901 
Swimming -- -- 0.378 0.025* 
River Flooding -- -- -0.505 0.027* 
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Industrial Incin. -- -- 0.054 0.750 
Car Exhaust -- -- 0.047 0.781 
Trash Burning -- -- -0.151 0.407 
Municipal Incin. -- -- -0.191 0.280 
Older Age -- -- 0.661 <0.001** 
Smoking -- -- 0.230 0.175 
Fish -- -- -0.243 0.553 
River Fish -- -- -0.058 0.819 
Touching/Washing -- -- 0.183 0.263 
Breathing Air -- -- -0.043 0.806 
Living on Soil -- -- 0.186 0.373 
Eating Game -- -- -0.669 0.007* 
Transport -- -- -0.060 0.705 
*Significant (p<.05) 
*Highly significant (p≤.001) 
 
Table M.5 Linear Regression of Concern about Risk by  
Receiver Characteristics and Information Received,  
With and Without Selected Mental Models Variables 
 Concern about Risk 
 
Linear regression a 




Linear regression b 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.083 <0.001** -0.062 0.008* 
Female Gender 0.147 0.032* 0.082 0.224 
Minority Status 0.262 0.027* 0.169 0.149 
Numeracy -0.043 0.234 -0.042 0.240 
Education -0.012 0.751 -0.002 0.964 
Having a Child -0.020 0.799 0.014 0.856 
Mistrust 0.911 <0.001** 0.728 <0.001** 
Working for a Chemical Co. -0.147 0.102 -0.132 0.134 
Floodplain Resident 0.008 0.912 -0.016 0.810 
Jackson/Calhoun Resident (omitted) (omitted) (omitted) (omitted) 
Information Received     
Familiarity with Dioxins 0.006 0.938 0.012 0.870 
UMDES Participation -0.224 0.004* -0.168 0.025* 
UMDES Brochures -0.019 0.814 -0.021 0.780 
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Looking up Information 0.063 0.738 0.167 0.367 
Mental Models     
Mental Models Confidence -- -- 0.121 0.186 
Levels Increasing -- -- 0.120 0.109 
Past Residence -- -- -0.162 0.044* 
Well Water -- -- <0.001 0.997 
Tap Water -- -- 0.034 0.662 
Filtered Water -- -- -0.107 0.237 
River Sediment -- -- -0.125 0.499 
River Banks -- -- 0.026 0.862 
Swimming -- -- 0.177 0.022* 
River Flooding -- -- -0.175 0.096 
Industrial Incin. -- -- 0.061 0.424 
Car Exhaust -- -- 0.074 0.320 
Municipal Incin. -- -- -0.067 0.378 
Manmade -- -- 0.029 0.670 
Older Age -- -- 0.305 <0.001** 
Smoking -- -- 0.102 0.183 
Fish -- -- -0.257 0.169 
River Fish -- -- 0.034 0.771 
Touching/Washing -- -- 0.092 0.214 
Breathing Air -- -- -0.053 0.510 
Living on Soil -- -- 0.076 0.425 
Eating Food -- -- 0.012 0.946 
Eating Game -- -- -0.324 0.006* 
Moving Soil -- -- 0.059 0.554 
Transport -- -- -0.069 0.340 
Constant -- -- 0.967 0.016* 
*Significant (p<.05) 
*Highly significant (p≤.001) 
a Residual df=737, R-squared=0.3180, Adjusted R-squared=0.3059 
b Residual df=709, R-squared=0.3978, Adjusted R-squared=0.3655 
 
M.3 Summary and Discussion of Effects of Mental Models on Risk Judgments 
M.3.1 Ease of Judgment and Confidence in Judgment 
Effects of mental models variables on ease of judgment and confidence in 
judgment were similar in the Midland/Saginaw only sample to those seen with the full 
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sample (see Chapter 7).  This was as expected, since Jackson/Calhoun residency was not 
a significant predictor of ease of judgment or confidence in judgment in the full sample.  
However, two exceptions were noted.   
First, unlike in the full sample, working for a chemical company was a significant 
predictor of confidence in judgment.  In addition, unlike in the full sample, the effect of 
working for a chemical company remained a significant predictor of both ease of 
judgment and confidence in judgment even after mental models variables were added.  It 
is not surprising that the effect of working for a chemical company should be different in 
the Midland/Saginaw only sample, since working for a chemical company in Midland 
and Saginaw (most likely Dow Chemical Company) is much more likely to be related to 
one’s understanding of dioxins than working for a chemical company in Jackson and 
Calhoun, where no dioxin contamination linked to Dow had occurred.   
Second, the effects of several misconceptions were slightly different than in the 
full sample.  Unlike in the full sample, misconceptions regarding the effects of trimming 
fat from meat and the effects of eating food were significant predictors of ease of 
judgment, and a misconception regarding current contributions of industrial incinerators 
was a significant predictor of confidence in judgment.  In addition, unlike in the full 
sample, the misconception regarding eating game was not a significant predictor of ease 
of judgment.  The effects of other misconceptions significant in the full sample remained 
significant in the Midland/Saginaw only sample. 
M.3.2 Judgment of Risk and Concern about Risk 
In the full sample, controlling for mental models variables caused 
Jackson/Calhoun residency to become a significant predictor of concern about risk, with 
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Jackson/Calhoun residents less concerned about the risk.  These effects are one important 
outcome of analysis of the full sample that could not be replicated in these alternate 
analyses.  Still, effects of mental models variables on judgment of risk and concern about 
risk were similar in the Midland/Saginaw only sample to those seen with the full sample 
(see Chapter 7).  Three exceptions were noted.  First, unlike in the full sample, recalling 
receiving or reading the 2006 or 2011 UMDES brochures was a significant predictor of 
judgment of risk.  Participants who recalled these brochures reported judgments of lower 
risk.  As these brochures were specific to the situation in Midland/Saginaw, it is not 
surprising that they would have a larger impact among Midland/Saginaw participants.  
Second, numeracy, which had been a significant predictor of concern about risk in the 
full sample (p=.039), was not significant in the Midland/Saginaw sample.  In the full 
sample, however, the effect of numeracy became insignificant when mental models 
variables were added.  Third, one mental models misconception that had not been 
assessed among Jackson/Calhoun participants was a significant predictor of concern 
about risk among Midland/Saginaw participants.  This misconception, regarding the 
effect of living in Midland/Saginaw in for the past 40-50 years, significantly predicted 
lower concern about risk.  That is, concern about the risk was lower among those 
participants who believed that someone who had lived in Midland/Saginaw for the past 
40-50 years was not likely to have higher dioxin levels than someone of the same age 
who had recently moved there.  The effects of other misconceptions significant in the full 
sample remained significant in the Midland/Saginaw only sample. 
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M.4 Regression Analyses Regarding Satisfaction 
Linear regression was used to test models of satisfaction including all receiver 
characteristic and information received variables from previous regressions (to control for 
non-significant effects).  These analyses were repeated for only the Midland/Saginaw 
sample of participants (see Table M.6), using the mental models variables found to be 
significant in the analyses presented in Tables M.2 through M.5. 
Table M.6 Linear Regression of Satisfaction with Information by Receiver Characteristics, 
Information Received, and Mental Models, With and Without Risk Judgment Variables: 
Midland/Saginaw Participants Only 
 Satisfaction with Information 
 
Linear regression a 




Linear regression b 




Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) 0.013 0.345 0.017 0.194 
Female Gender -0.065 0.110 -0.039 0.302 
Minority Status -0.048 0.501 -0.047 0.478 
Numeracy 0.036 0.091 0.027 0.175 
Education -0.047 0.036* -0.037 0.076 
Having a Child -0.035 0.458 -0.034 0.429 
Mistrust -0.270 <0.001** -0.116 0.003* 
Working for a Chemical Co. 0.149 0.005* 0.105 0.032* 
Floodplain Resident -0.057 0.161 -0.053 0.160 
Jackson/Calhoun Resident (omitted) (omitted) (omitted) (omitted) 
Information Received     
Familiarity with Dioxins 0.300 <0.001** 0.225 <0.001** 
UMDES Participation 0.014 0.764 -0.028 0.507 
UMDES Brochures 0.200 <0.001** 0.178 <0.001** 
Looking up Information -0.237 0.030* -0.210 0.044* 
Mental Models     
Confidence in Mental Model 0.117 0.035* 0.069 0.180 
Chemical Mfg. -0.028 0.651 0.019 0.742 
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Dow Burying Waste -0.008 0.843 0.009 0.815 
Past Residence 0.129 0.006* 0.073 0.093 
Well Water 0.007 0.879 0.044 0.303 
Swimming -0.054 0.214 -0.031 0.444 
River Flooding 0.034 0.560 -0.020 0.709 
Industrial Incin. 0.033 0.464 0.009 0.821 
Older Age 0.008 0.844 0.047 0.236 
Processed Foods 0.069 0.108 0.043 0.287 
Trimming Meat -0.053 0.200 -0.040 0.300 
Property Values 0.035 0.565 0.004 0.944 
Eating Game 0.121 0.064 0.039 0.522 
Water Drinking -0.079 0.050 -0.044 0.234 
Risk Judgment     
Ease of Judgment -- -- 0.067 0.001** 
Confidence in Judgment -- -- 0.111 <0.001** 
Judgment of Risk -- -- -0.044 0.102 
Concern about Risk -- -- -0.096 0.001** 
Constant 2.741 <0.001** 2.328 <0.001** 
*Significant (p<.05) 
**Highly significant (p≤.001) 
a Residual df=730, R-squared=0.2904, Adjusted R-squared=0.2642 
b Residual df=712, R-squared=0.4050, Adjusted R-squared=0.3791 
 
M.5 Summary and Discussion of Effects on Satisfaction 
Results from analysis of only Midland/Saginaw participants were very consistent 
with results from the full sample, as expected, since the variable representing 
Jackson/Calhoun residency was not a significant predictor of satisfaction in the full 
sample.  Three exceptions were noted.  First, and most significantly, judgment of the risk 
was no longer a significant predictor of satisfaction.  However, in the full sample, it had 
been the least significant of the risk judgment variables, and it still had a p-value close to 
0.10 (p=0.102).  Second, the variable representing looking up information, which had not 
been significant in any analyses in the full sample, significantly negatively affected 
satisfaction in the Midland/Saginaw only sample.  Only a small number of 
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Midland/Saginaw participants (<4%) or Jackson/Calhoun participants (10%) looked up 
information in completing the survey.  Those participants in Midland/Saginaw may have 
looked up information because they were dissatisfied with the information they had, or 
attempted to look up information and been dissatisfied with what they found.  Third, the 
misconception regarding eating game was no longer a significant predictor of 
satisfaction, and was replaced by the misconception regarding past residence in 
Midland/Saginaw.  As in the full sample, the effect of this misconception was no longer 
significant when risk judgment variables were added to the regression. 
M.6 Conclusions Regarding Alternate Analyses 
In these alternate analyses using the sample of participants residing in 
Midland/Saginaw only, several differences were seen.  As expected, many of these were 
regarding mental models misconceptions that were not assessed among Jackson/Calhoun 
residents.  Despite some changes in the effects of these and other variables, overall 
conclusions regarding the effects of other mental models variables on risk judgments 
(i.e., effects of average mental models confidence) and the effects of risk judgment 
variables on satisfaction did not change.  Specifically, the effects of risk judgments on 




Table M.7 Effects of Risk Judgments on Satisfaction, in Full Sample and in 
Midland/Saginaw Only Sample 
 
Effect on Satisfaction in 
Regression with Full Sample 
(From Chapter 8) 
Effect on Satisfaction in 
Midland/Saginaw Only Sample 
(From Table M.6) 
 Coef. p-value Coef. p-value 
Ease of Judgment 0.074 <0.001** 0.067 0.001** 
Confidence in Judgment 0.113 <0.001** 0.111 <0.001** 
Judgment of Risk -0.051 0.041* -0.044 0.102 




Regressions for Use in Mediation Analyses in Chapter 8  
In Chapter 8, mediation of the effects of receiver characteristics, information 
received, and mental models variables on satisfaction by risk judgments were assessed.  
To conduct these assessments, regressions were needed to assess the effects of these 
variables on risk judgments, controlling for the other variables used in regressions of 
satisfaction.  These regressions are reported in Tables N.1 and N.2 below. 
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Table N.1 Ordered Logistic Regression of Ease of Judgment and Confidence in Judgment 
by Receiver Characteristics and Information Received, and Selected Mental Models 
Variables 
 Ease of Judgment Confidence in Judgment 
 








Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.090 0.052 -0.083 0.068 
Female Gender -0.074 0.583 -0.071 0.594 
Minority Status -0.338 0.194 -0.044 0.862 
Numeracy -0.008 0.912 0.021 0.767 
Education 0.021 0.771 -0.055 0.443 
Having a Child -0.066 0.672 0.058 0.707 
Mistrust -0.635 <0.001* -0.448 <0.001* 
Working for a Chemical Co. 0.334 0.052 0.259 0.129 
Floodplain Resident -0.065 0.645 -0.048 0.731 
Jackson/Calhoun Resident -0.214 0.373 -0.380 0.111 
Information Received     
Familiarity with Dioxins 0.347 0.020* 0.899 <0.001* 
UMDES Participation 0.186 0.226 0.058 0.706 
UMDES Brochures 0.060 0.683 0.173 0.240 
Looking up Information -0.209 0.509 0.116 0.709 
Mental Models     
Confidence in Mental Model 0.597 0.001* 0.834 <0.001* 
Chemical Mfg. -0.246 0.238 -0.499 0.017 
Levels Increasing -0.065 0.662 -0.238 0.104 
Swimming -0.026 0.852 -0.038 0.788 
River Flooding 0.157 0.437 0.127 0.512 
Industrial Incin. 0.242 0.085 0.409 0.004* 
Older Age -0.167 0.211 0.000 0.998 
Trimming Meat -0.249 0.066 -0.113 0.405 
Property Values 0.283 0.141 0.517 0.007* 
Eating Game 0.523 0.015* -0.012 0.952 
Water Drinking -0.159 0.223 -0.276 0.033* 
*Significant (p<.05) 
**Highly significant (p≤.001) 
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Table N.2 Regression of Judgment of Risk and Concern about Risk by Receiver 
Characteristics and Information Received, and Selected Mental Models Variables 
 Judgment of Risk Concern about Risk 
 








Parameter Coef. p- value Coef. 
p- 
value 
Receiver Characteristics     
Age (per 10 years) -0.151 0.002* -0.082 <0.001** 
Female Gender 0.074 0.592 0.090 0.157 
Minority Status 0.441 0.097 0.174 0.122 
Numeracy 0.070 0.338 -0.048 0.146 
Education 0.018 0.803 -0.003 0.925 
Having a Child -0.037 0.820 0.042 0.567 
Mistrust 1.589 <0.001** 0.769 <0.001** 
Working for a Chemical Co. -0.107 0.556 -0.077 0.353 
Floodplain Resident -0.051 0.727 -0.010 0.881 
Jackson/Calhoun Resident -0.578 0.021* -0.240 0.038 
Information Received     
Familiarity with Dioxins 0.182 0.238 0.003 0.961 
UMDES Participation -0.097 0.545 -0.170 0.020* 
UMDES Brochures -0.289 0.061 -0.004 0.951 
Looking up Information 0.270 0.407 0.198 0.189 
Mental Models     
Confidence in Mental Model 0.043 0.820 0.118 0.169 
Chemical Mfg. -0.142 0.501 -0.031 0.749 
Levels Increasing 0.181 0.235 0.125 0.080 
Swimming 0.477 0.001** 0.238 <0.001** 
River Flooding -0.625 0.003* -0.243 0.010* 
Industrial Incin. 0.191 0.192 0.092 0.171 
Older Age 0.538 <0.001** 0.210 0.001** 
Trimming Meat -0.057 0.683 -0.001 0.981 
Property Values 0.033 0.872 0.015 0.867 
Eating Game -0.640 0.004* -0.315 0.002* 
Water Drinking -0.011 0.935 0.005 0.940 
Constant -- -- 0.929 0.006* 
*Significant (p<.05) 
**Highly significant (p≤.001) 




Tables of Additional Descriptive Results 
This appendix provides tables of additional descriptive data regarding survey 
responses, as well as composite variables and scales created from survey responses. 
O.1 Scales and Composite Variables 
O.1.1 Numeracy Scale 
Table O.1 Items in Scale Regarding Numeracy 
Survey Item Coding of Responses 
91. How good are you at working with fractions? 1=Not at all good, 2, 3, 4, 5=Extremely good 
92. How good are you at working with percentages? 1=Not at all good, 2, 3, 4, 5=Extremely good 
93. How good are you at calculating a 15% tip? 1=Not at all good, 2, 3, 4, 5=Extremely good 
94. How good are you at figuring out how much a shirt will cost if 
it is 25% off? 
1=Not at all good, 2, 3, 4, 
5=Extremely good 
95. When reading the newspaper, how helpful do you find tables 
and graphs that are parts of a story? 
1=Not at all helpful, 2, 3, 
4, 5=Extremely helpful 
96. When people tell you the chance of something happening, do 
you prefer that they use words (“it rarely happens”) or numbers 
(“there’s a 1% chance”)? 
1=Always prefer words, 2, 
3, 4, 5=Always prefer 
numbers 
97. When you hear a weather forecast, do you prefer predictions 
using percentages (e.g., “there will be a 20% chance of rain 
today”) or predictions using only words (“e.g., there is a small 
chance of rain today”)? 
1=Always prefer 
percentages, 2, 3, 4, 
5=Always prefer wordsa 
98. How often do you find numerical information to be useful? 1=Never, 2, 3, 4, 5=Always 
a Anchors for item 97 were reversed for this scale. 
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Table N.2 Inter-Item Correlations in Eight-Item Numeracy Scale 
 Item 91 Item 92 Item 93 Item 94 Item 95 Item 96 Item 97 Item 98 
Item 91 1.00        
Item 92 .82 1.00       
Item 93 .69 .75 1.00      
Item 94 .61 .69 .84 1.00     
Item 95 .42 .49 .44 .43 1.00    
Item 96 .42 .44 .49 .43 .47 1.00   
Item 97 .21 .24 .24 .24 .22 .41 1.00  
Item 98 .51 .52 .50 .48 .57 .59 .38 1.00 
Scale mean=4.55, SD=1.08, Cronbach’s alpha=0.87 
O.1.2 Mistrust of Government and Industry Scale 
Table O.3 Items Considered for Scale Regarding Mistrust of Government/Industry 
Survey Item Original Coding of Responses a 
14. The current balance of benefits and risks from industry 
in my community is: 
1=Benefits outweigh risks, 
2=Benefits and risks are roughly 
equal, 3=Risks outweigh benefits 
15. How much of the time do you trust the federal, state 
and/or local government to do what is right? 
1=Never, 2, 3, 4,  
5=Always b 
16. In general, do you agree or disagree with the following 
statement? “Government has gone too far in regulating 
business and interfering with the free enterprise 
system.” c 
1=Strongly Disagree, 2=Disagree, 
3=Agree, 4=Strongly Agree b 
17. How much of a problem, if at all, is government 
corruption today? 
1=Not at all a problem, 2, 3, 4, 
5=Very much a problem 
18. I am outraged whenever industry and/or government 
allows dioxin contamination to occur, no matter how 
they respond after the contamination is identified. 
1=Strongly Disagree, 2=Disagree, 
3=Agree, 4=Strongly Agree 
19. When there is a really serious health or environmental 
problem, then public officials will take care of it. 
1=Strongly Disagree, 2=Disagree, 
3=Agree, 4=Strongly Agree b 
20. Until they alert me about a specific problem, I don’t 
really have to worry. 
1=Strongly Disagree, 2=Disagree, 
3=Agree, 4=Strongly Agree b 
21. I have very little control over risks to my health. c 1=Strongly Disagree, 2=Disagree, 3=Agree, 4=Strongly Agree 
22. Those in power often withhold information about 
things that are harmful to us. 
1=Strongly Disagree, 2=Disagree, 
3=Agree, 4=Strongly Agree 
23. The land, air, and water around us are, in general, more 
contaminated now than ever before. 
1=Strongly Disagree, 2=Disagree, 
3=Agree, 4=Strongly Agree 
24. Continued economic growth can only lead to pollution 
and depletion of natural resources. 
1=Strongly Disagree, 2=Disagree, 
3=Agree, 4=Strongly Agree 
a Anchors were converted to a five-point scale.  Three-point anchors (item 14) were converted as 
follows: 1=1, 2=3, 3=5.  Four-point anchors (items 16, 18-24) converted as follows: 1=1, 2=2.33, 
3=3.67, 4=5. 
b Anchors for items 15, 16, 19, and 20 were reversed for this scale. 
c Removed from scale. 
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Table O.4 Inter-Item Correlations in Eleven-Item Mistrust of Government and Industry 























Item 14 1.00           
Item 15 .14 1.00          
Item 16 a .17 -.13 1.00         
Item 17 .10 .43 -.26 1.00        
Item 18 .33 .17 .09 .19 1.00       
Item 19 .14 .30 <.01 .27 .18 1.00      
Item 20 .30 .24 .13 .15 .39 .29 1.00     
Item 21 a .12 .11 -.01 .07 .14 .09 -.01 1.00    
Item 22 .26 .38 -.05 .32 .41 .25 .36 .17 1.00   
Item 23 .29 .18 .06 .18 .37 .13 .29 .12 .40 1.00  
Item 24 .23 .04 .04 .07 .27 .02 .16 .13 .25 .51 1.00 
Scale mean=3.38, SD=0.52, Cronbach’s alpha=0.70 
a Removed from scale.  Reduced scale mean=3.50, SD=0.59, Cronbach’s alpha=0.74 
 
O.1.3 Receipt and Use of UMDES Communications 
Table O.5 Phase 3 Participants’ Receipt and Use of UMDES Brochures 







2006 Brochure     
In 2006, the University of Michigan Dioxin 
Exposure Study (UMDES) published a 
brochure of the results of their study. You may 
or may not have received this brochure. Did 
















2011 Brochure     
In January 2011, the UMDES published a 
second brochure of results from their study. 
You may or may not have received this 
















Composite Variable     












Table O.6 Phase 3 Participants’ Receipt of UMDES Results 
UMDES Data Item M/S UMDES J/C UMDES 
Blood   
 Sampled 78.9% (of 440a) 75.0% (of 132) 
 Received results 75.6% (of 438) 71.2% (of 132) 
 Received highb results 25.8% (of 431) 12.2% (of 131) 
Soil   
 Sampled 66.8% (of 440) 57.6% (of 132) 
 Received results 43.5% (of 439) 29.6% (of 132) 
 Received highb results 11.6% (of 440) 0.8% (of 132) 
Dust   
 Sampled 67.3% (of 440) 63.6% (of 132) 
 Received results 45.8% (of 439) 36.4% (of 132) 
Composite Variables   
 Received one or more results 76.0% (of 438) 72.7% (of 132) 
 Received one or more high results 33.0% (of 434) 13.0% (of 131) 
a Sample sizes are not uniform due to missing data. 
b High blood results defined as over 75th percentile for age range reported in UMDES results 
letter; high soil results defined as over 90 ppt TEQ; no reference point available for dust results. 
 
O.2 Descriptive Results Regarding Variables Analyzed 
O.2.1 Summary Statistics 
Table O.7 provides descriptive results (mean, standard deviation, min, and max) 
for each variable.  Variable names are also provided for reference to the larger CPOD 
dataset. 
Table O.7 Descriptive Results Regarding Variables Analyzed 
Parameter (Description) / Variable Name Mean Std. Dev. Min Max 
Receiver Characteristics     
Age (divided by 10 years) / age10 5.39 1.47 2 9 
Female (Binary, 1=female) / female 53% 50% 0 1 
Minority (Binary, 1=minority)/minority 10% 30% 0 1 
Numeracy (1-6, eight-item scale) / snsscore 4.55 1.08 1 6 
Education (1-4 grouping) / educ4 2.17 1.00 1 4 
Having a Child (Binary, 1=having any children) / child_all 78% 42% 0 1 
Mistrust (1-5, nine-item scale) / scale_mistrust_iterated 3.50 0.58 1.74 5 
Working for a Chemical Co. (Binary, 1=having ever worked 
for a chemical company) / workchem_all 17% 37% 0 1 
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Residing Near Contamination (Binary, 1=residing in 
Tittabawassee River Floodplain or Near Floodplain) / fp_all 52% 50% 0 1 
Residing Far from Contamination (Binary, 1=residing in 
Jackson/Calhoun counties) / jc 13% 33% 0 1 
Information Received     
Familiarity with Dioxins (Binary, 1=having heard “a lot” 
about dioxins) / familiarvery_all 35% 47% 0 1 
UMDES Participation (Binary, 1=UMDES participant) / 
umdes 55% 50% 0 1 
UMDES Brochures (Binary, 1=recalled receipt or reading of 
2006 or 2011 UMDES brochures) / brochures_either_all 42% 49% 0 1 
Looking Up Information (Binary, 1=looking up information 
in completing survey) / lookupinfo 4% 21% 0 1 
Mental Models     
Confidence in Mental Model (Average of 1-3 rating of 
confidence in mental models answers) / avgconf 2.08 0.38 1 3 
Risk Judgments     
Ease of Judgment (1-5 rating) / easejudge 2.57 1.10 1 5 
Confidence in Judgment (1-5 rating) / confjudge 2.68 1.21 1 5 
Judgment of Risk (1-5 rating) / threatjudge 3.28 1.04 1 5 
Concern about Risk (1-5, five-item scale) / scale_concern 3.42 1.07 1 5 
Satisfaction     
Satisfaction Scale (1-4, three-item scale) / scale_informed 2.33 0.61 1 4 
 
O.2.2 Missing Data 
Table O.8 Missing Data for Variables Analyzed 
   
Parameter Observations (n) Percent Missing 
Receiver Characteristics   
Age (per 10 years) 1009 2.61% 
Female Gender 1013 2.22% 
Minority Status 975 5.89% 
Numeracy 1031 0.48% 
Education 975 5.89% 
Having a Child 1013 2.22% 
Mistrust 1031 0.48% 
Working for a Chemical 
Co. 1013 2.22% 
Floodplain Resident 1036 0% a 
Jackson/Calhoun Resident 1036 0% a 
Information Received   
Familiarity with Dioxins 1036 0% b 
UMDES Participation 1036 0% a 
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UMDES Brochures 1036 0% b 
Looking up Information 1022 1.35% 
Mental Models   
Confidence in Mental 
Model 1026 0.97% 
Risk Judgments   
Ease of Judgment 955 7.82% c 
Confidence in Judgment 955 7.82% c 
Judgment of Risk 953 8.01% c 
Concern about Risk 958 7.53% c 
Satisfaction   
Satisfaction 966 6.76% c 
a Location of residence and UMDES participation was known for all participants. 
b Those participants with missing data regarding familiarity were assumed not to be very familiar 
with dioxins.  Those participants with missing data regarding receipt or reading of UMDES 
brochures were assumed not to have received or read them. 
c Percent missing for risk judgment and satisfaction variables includes those participants whose 
responses were removed due to skip logic requesting them to skip these questions. 
 
Table O.9 Means/Proportions of Variables Analyzed, by UMDES Group 











Receiver Characteristics       
Age (per 10 years) 5.39 5.25 5.48 5.58 3.84 .02* 
Female Gender 53% 49% 55% 63% 4.47 .01* 
Minority Status 10% 14% 7% 7% 7.99 <.01* 
Numeracy 4.55 4.61 4.55 4.33 3.55 .03* 
Education 2.16 2.22 2.16 1.98 3.07 .05* 
Having a Child 78% 80% 75% 80% 2.04 .13 
Mistrust 3.50 3.49 3.45 3.68 7.53 <.01* 
Working for a Chemical 
Co. 17% 19% 16% 12% 1.97 .14 
Floodplain Resident 52% 55% 65% (0%) -- -- 
Jackson/Calhoun Resident 13% (0%) (0%) (100%) -- -- 
Information Received       
Familiarity with Dioxins 35% 34% 44% 10% 26.99 <.01* 
UMDES Participation 55% (0%) (100%) (100%) -- -- 
UMDES Brochures 42% 17% 67% 48% 150.62 <.01* 
Looking up Information 4% 4% 3% 10% 6.27 <.01* 
Mental Models       
Confidence in Mental 
Model 2.08 2.08 2.09 2.05 0.49 .61 
Risk Judgments       
Ease of Judgment 3.28 2.53 2.67 2.41 3.25 .04* 
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Confidence in Judgment 3.43 2.66 2.77 2.39 4.44 .01* 
Judgment of Risk 3.28 3.38 3.18 3.32 3.96 .02* 
Concern about Risk 3.43 3.53 3.31 3.47 4.60 .01* 
Satisfaction       
Satisfaction 2.33 2.26 2.42 2.26 8.49 <.01* 
 
O.2.3 Inter-Variable Correlations 








































































































           
Age (per 10 
years) 
 1.00          
Female Gender  -.07 1.00         
Minority Status  -.02 .11 1.00        
Numeracy  -.09 -.16 -.12 1.00       
Education  -.15 -.06 -.12 .39 1.00      
Having a Child  .10 -.02 -.06 .07 -.05 1.00     
Mistrust  -.05 .17 .04 -.09 -.23 .00 1.00    
Working for a 
Chemical Co. 
 .00 -.16 -.01 .00 -.05 -.03 -.11 1.00   
Floodplain 
Resident 
 .02 -.05 -.09 .10 .12 .03 -.11 -.07 1.00  
Jackson/Calhoun 
Resident 
 .06 .08 -.06 -.05 -.06 .05 .12 -.03 -.38 1.00 
Information 
Received 
           
Familiarity with 
Dioxins 
 .11 -.04 -.05 .20 .17 -.01 -.06 .04 .17 -.19 
UMDES 
Participation 
 .08 .06 -.11 -.06 -.08 -.07 .02 -.04 -.03 .31 
UMDES 
Brochures 
 .01 -.04 -.09 .03 .04 -.01 -.06 .00 .11 .09 
Looking up 
Information 
 .09 .11 -.04 -.02 -.05 .01 .07 -.03 -.08 .15 




 .07 -.01 .03 .12 -.02 -.01 .13 .00 .04 -.03 
Risk Judgments            
Ease of Judgment  -.02 -.08 -.04 .06 .07 -.02 -.19 .09 .03 -.06 
Confidence in 
Judgment 
 .00 -.06 .00 .07 .03 .00 -.12 .09 .06 -.11 
Judgment of Risk  -.13 .13 .10 -.03 -.09 -.04 .48 -.07 -.05 .00 
Concern about 
Risk 
 -.15 .17 .12 -.11 -.13 -.01 .52 -.10 -.04 .00 
Satisfaction            






























































































































            
Familiarity with 
Dioxins 
 1.00           
UMDES 
Participation 
 .01 1.00          
UMDES 
Brochures 
 .21 .47 1.00         
Looking up 
Information 
 -.04 .04 .04  1.00       
Mental Models             
Confidence in 
Mental Model 
 .28 .01 .10  .04 1.00      
Risk Judgments             
Ease of Judgment  .16 .03 .08  -.04 .13  1.00    
Confidence in 
Judgment 
 .29 .00 .10  -.01 .21  .53 1.00   
Judgment of Risk  -.02 -.09 -.12  .03 .05  -.23 -.04 1.00  
Concern about 
Risk 
 -.06 -.11 -.09  .05 .08  -.26 -.08 .76 1.00 
Satisfaction             




Summary of Regressions 
This appendix presents a summary table of the regressions conducted in this 
research, both in the primary set of analyses with the full dataset and the alternate set of 
analyses with Midland/Saginaw participants only. 
P.1 Primary Analyses with Full Dataset 
A summary table of results from the main regression models conducted in results 
chapters 6-8 is shown in Table P.1 below.  Each column pertains to a single regression 
model, with cells denoting positive and negative regression coefficients.  Significant 
(p<.05) and highly significant (p≤.001) regression coefficients are marked with asterisks.  
Variables, arranged by row, are those included in each model, with blank cells signifying 
variables that were not included in that model.    
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Table P.1 Summary of Regression Models Regarding Risk Judgments and Satisfaction with 
Information 
 Regression Models 











Parameter 1 a 2 1 2 1 2 1 2 2 3 
Receiver 
Characteristics           
Age (per 10 years) – b – – – –** –* –** –** + + 
Female Gender – – – – + + +* + – – 
Minority Status – – + – +* + +* + – – 
Numeracy + – + + + + –* – + + 
Education + + – – – + – – – – 
Having a Child – – + + – – + + – – 
Mistrust –** –** –** –** +** +** +** +** –** –* 
Working for a 
Chemical Co. +* + + + – – – – +* +* 
Floodplain Resident – – – – + – + + – – 
Jackson/Calhoun 
Resident – – – – – – – –* + + 
Information 
Received           
Familiarity with 
Dioxins +** +* +** +** + + + + +** +** 
UMDES 
Participation + + + + – – –* –* + – 
UMDES Brochures + + + + – – – + +** +** 
Looking up 
Information – – + + + + + + – – 
Mental Models           
Confidence in 
Mental Model  +**  +**  +  + +* + 
Chemical Mfg.    –*     – + 
Levels Increasing    –  +  + – + 
Swimming      +*  +* – – 
River Flooding      –*  –* + – 
Industrial Incin.    +  +  + + + 
Older Age      +**  +** + + 
Trimming Meat  –       – – 
Property Values  +  +*     + – 
Eating Game  +*    –*  –* +* + 
Water Drinking    –*     – – 
Risk Judgments           
Ease of Judgment          +** 
Confidence in 
Judgment          +** 
Judgment of Risk          –* 
Concern about Risk          –** 
a Key to regression models: 
1 = Regression with receiver characteristics and information received only 
2 = Regression with receiver characteristics, information received, and mental models variables 
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3 = Regression with receiver characteristics, information received, mental models, and risk judgment 
variables 
b Key to cell entries: 
+ = Positive regression coefficient 
– = Negative regression coefficient 
* = Significant (p<.05) 
** = Highly significant (p≤.001) 
Blank = Parameter not included in regression 
 
P.2 Alternate Analyses with Midland/Saginaw Participants Only 
A summary table of results from the alternate regression models conducted in 
Appendix M is shown in Table P.2 below.  As with the full dataset, each column pertains 
to a single regression model, with cells denoting positive and negative regression 
coefficients.  Significant (p<.05) and highly significant (p≤.001) regression coefficients 
are marked with asterisks.  Variables, arranged by row, are those included in each model, 
with blank cells signifying variables that were not included in that model.   
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Table P.2 Summary of Regression Models in Alternate Analyses Regarding Risk Judgments 
and Satisfaction with Information 
 Regression Models 











Parameter 1 a 2 1 2 1 2 1 2 2 3 
Receiver 
Characteristics           
Age (per 10 years) – b –* – – –** –* –** –* + + 
Female Gender – – – – + + +* + – – 
Minority Status – – + + +* + +* + – – 
Numeracy + – + + + + – – + + 
Education – – – – + + – – –* – 
Having a Child – – – – – – – + – – 
Mistrust –** –** –* –* +** +** +** +** –** –* 
Working for a 
Chemical Co. +* +* +* +* – – – – +* +* 
Floodplain Resident – – – – + – + – – – 
Jackson/Calhoun 
Resident           
Information 
Received           
Familiarity with 
Dioxins +** +* +** +** + + + + +** +** 
UMDES 
Participation + + + + – – –* –* + – 
UMDES Brochures + + + + –* –* – – +** +** 
Looking up 
Information – – – – + + + + –* –* 
Mental Models           
Confidence in 
Mental Model  +*  +**  +  + +* + 
Chemical 
Classification    +       
Chemical Mfg.    –*     – + 
Dow as a Source  +  +       
Dow River Waste  +  +       
Dow Burying Waste    –     – + 
Levels Increasing    –  +  +   
Past Residence  +  +  –  –* +* + 
Well Water  –    –  + + + 
Tap Water      +  +   
Filtered Water      +  –   
River Sediment        –   
River Banks  +      +   
Rain Water      –     
Swimming      +*  +* – – 
River Flooding      –*  – + – 
Industrial Incin.    +*  +  + + + 
Car Exhaust        +   
Trash Burning    –  –     
Municipal Incin.    –  –  –   
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Products    –       
Mannmade        +   
Farm Chemicals    +       
Older Age      +**  +** + + 
Smoking      +  +   
Fish      –  –   
River Fish      –  +   
Processed Foods  +*       + + 
Trimming Meat  –*       – – 
Property Values  +  +*     + + 
Touching/Washing      +  +   
Breathing Air    –  –  –   
Living on Soil      +  +   
Eating Food  +  +    +   
Eating Game  +    –*  –* + + 
Moving Soil        +   
Transport      –  –   
Water Drinking    –*     – – 
Risk Judgments           
Ease of Judgment          +** 
Confidence in 
Judgment          +** 
Judgment of Risk          – 
Concern about Risk          –** 
a Key to regression models: 
1 = Regression with receiver characteristics and information received only 
2 = Regression with receiver characteristics, information received, and mental models variables 
3 = Regression with receiver characteristics, information received, mental models, and risk judgment 
variables 
b Key to cell entries: 
+ = Positive regression coefficient 
– = Negative regression coefficient 
* = Significant (p<.05) 
** = Highly significant (p≤.001) 
Blank = Parameter not included in regression 
